CORMIX1 PREDICTION FILE:
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1111211111122111111
CORMIX MIXING ZONE EXPERT SYSTEM
Subsystem CORMIX1: Single Port Discharges
CORMIX Version 6.0GT
HYDRO1 Version 6.0.0.0 October 2009

CASE DESCRIPTION
Site name/label: SIM

Design case: JD289(2)400GPMaStratFinal6.0
FILE NAME: P:\...00GPMFinalRiver\JD289(2)400GPMaStratFinal6.0R.prd
Time stamp: Fri Mar 26 14:40:15 2010

ENVIRONMENT PARAMETERS (metric units)
Bounded section

BS = 158.50 AS = 1099.33 QA = 203.38 ICHREG= 1

HA = 6.94 HD = 4.86

Tidal Simulation at TIME = -2.550 h

PERIOD= 12.40 h UAmax = 0.300 dua/sdt= 0.073 (m/s)/h

UA = 0.185 F = 0.026 USTAR =0.1049E-01

uw = 8.500 UWSTAR=0.1074E-01

Density stratified environment

STRCND= B RHOAM = 1017.9011

RHOAS = 1012.0000 RHOAB = 1022.0000 RHOAHO= 1022.0000 E =0.0000E+00
DRHOJ =  10.0000 HINT = 2.87 ES =0.3349E-01

DISCHARGE PARAMETERS (metric units)
Above Surface Discharge:
Re-computed discharge conditions at entry point at water surface.

BANK = RIGHT DISTB = 1.00

DO = 0.125 A0 = 0.012 HO = 4.86 SUBO = 0.00
THETA = 0.00 SIGMA = 90.00

uo = 4.408 QO = 0.054 =0.5394E-01

RHOO = 999.7019 DRHOO =0.2230E+02 GPO  =0.2140E+00

Cco =0.1230E+00 CUNITS= mg/Il

IPOLL = 1 KS =0.0000E+00 KD =0.0000E+00
FLUX VARIABLES (metric units)

Q0 =0.5394E-01 MO =0.2377E+00 JO =0.1154E-01 SIGNJO= 1.0
Associated length scales (meters)

LQ = 0.11 LM = 3.17 Lm = 2.64 Lb = 1.82

Lmp = 1.63 Lbp = 1.17

Tidal: Tu = 0.2952 h Lu = 22_.763 Lmin = 0.369

NON-DIMENSIONAL PARAMETERS
FRO = 26.97 R = 23.83

FLOW CLASSIFICATION
1112111112221112221122211222211122211112221111
1 Flow class (CORMIX1) = 1V5 1
1 Applicable layer depth HS = 1.99 1
111211112221112221122211122211122211112221111

MIXING ZONE / TOXIC DILUTION / REGION OF INTEREST PARAMETERS
co =0.1230E+00 CUNITS= mg/Il
NTOX = 1 CMC =0.5800E-02 CCC = CSTD
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NSTD = 1 CSTD =0.3730E-02

REGMZ = 1

REGSPC= 1 XREG = 91.44 WREG = 0.00 AREG = 0.00
XINT = 3500.00 XMAX = 3500.00

X-Y-Z COORDINATE SYSTEM:
ORIGIN is located at the bottom and below the center of the port:
1.00 m from the RIGHT bank/shore.
X-axis points downstream, Y-axis points to left, Z-axis points upward.
NSTEP = 30 display intervals per module

BEGIN MOD101: DISCHARGE MODULE

X Y z S C B Uc TT
0.00 0.00 4.86 1.0 0.123E+00 0.06 4.408 -00000E+00

END OF MOD101: DISCHARGE MODULE

BEGIN CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION
Jet/plume transition motion in weak crossflow.

Zone of flow establishment: THETAE= -87.40 SIGMAE= 67.48
LE = 0.54 XE = 0.00 YE = 0.02 ZE = 4.32

Profile definitions:

B = Gaussian 1/e (37%) half-width, normal to trajectory

S = hydrodynamic centerline dilution

C = centerline concentration (includes reaction effects, if any)

Uc = Local centerline excess velocity (above ambient)

TT = Cumulative travel time

X Y Z S C B Uc TT
0.00 0.00 4.86 1.0 0.123E+00 0.06 4.408 .00000E+00
0.00 0.02 4.32 1.0 0.123E+00 0.06 4.408 .33078E-02
0.01 0.03 4.18 1.1 0.115E+00 0.08 4.408 .29655E-01
0.01 0.03 4.04 1.3 0.965E-01 0.10 4.036 .61645E-01
0.02 0.04 3.90 1.5 0.830E-01 0.11 3.451 .99371E-01
0.03 0.05 3.76 1.7 0.727E-01 0.13 3.003 .14295E+00
0.05 0.05 3.62 1.9 0.646E-01 0.14 2.648 -19252E+00
0.07 0.06 3.48 2.1 0.580E-01 0.16 2.359 .24826E+00
0.09 0.06 3.35 2.3 0.526E-01 0.18 2.118 -31036E+00
0.11 0.07 3.21 2.6 0.480E-01 0.19 1.912 .37905E+00
0.14 0.08 3.07 2.8 0.441E-01 0.21 1.735 .45461E+00
0.17 0.08 2.94 3.0 0.407E-01 0.23 1.579 .53734E+00
0.20 0.09 2.80 3.3 0.377E-01 0.25 1.440 .62760E+00
0.24 0.09 2.67 3.5 0.351E-01 0.27 1.317 . 72579E+00
0.28 0.10 2.53 3.8 0.327E-01 0.29 1.204 .83236E+00
0.32 0.11 2.40 4.0 0.305E-01 0.31 1.102 -94782E+00
0.37 0.11 2.27 4.3 0.286E-01 0.33 1.009 .10727E+01
0.43 0.12 2.14 4.6 0.268E-01 0.35 0.922 .12077E+01
0.49 0.13 2.02 4.9 0.251E-01 0.37 0.843 -13535E+01
0.55 0.13 1.90 5.2 0.236E-01 0.39 0.769 .15108E+01
0.62 0.14 1.77 5.5 0.222E-01 0.42 0.700 -16803E+01
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0.69 0.14 1.66 5.9 0.210E-01 0.44 0.637 .18630E+01
0.77 0.15 1.54 6.2 0.198E-01 0.46 0.578 .20596E+01
0.86 0.16 1.43 6.6 0.187E-01 0.49 0.522 .22713E+01
0.95 0.16 1.32 7.0 0.176E-01 0.52 0.469 .24994E+01
1.04 0.17 1.22 7.4 0.165E-01 0.54 0.420 .27454E+01
1.14 0.17 1.12 7.9 0.156E-01 0.57 0.374 .30103E+01
1.24 0.18 1.03 8.4 0.147E-01 0.60 0.333 .32953E+01
1.35 0.19 0.94 8.9 0.138E-01 0.63 0.295 .36009E+01
1.46 0.19 0.86 9.4 0.131E-01 0.66 0.262 .39277E+01
1.58 0.20 0.78 9.9 0.124E-01 0.68 0.233 .42757E+01
1.70 0.20 0.71 10.4 0.119E-01 0.71 0.208 .46258E+01
Cumulative travel time = 4.6258 sec

END OF CORJET (MOD110): JET/PLUME NEAR-FIELD MIXING REGION

BEGIN MOD132: LAYER BOUNDARY IMPINGEMENT/UPSTREAM SPREADING

Vertical angle of layer/boundary impingement = -29.38 deg
Horizontal angle of layer/boundary impingement = 2.51 deg
UPSTREAM INTRUSION PROPERTIES:
Upstream intrusion length = 0.64 m
X-position of upstream stagnation point = 1.06 m
Thickness in intrusion region = 1.17 m
HalfT-width at downstream end = 2.20 m
Thickness at downstream end = 1.17 m
Control volume inflow:
X Y z S C B TT
1.70 0.20 0.71 10.4 0.119E-01 0.71 .46258E+01

Profile definitions:

BV = top-hat thickness, measured vertically
BH = top-hat half-width, measured horizontally in Y-direction
ZU = upper plume boundary (Z-coordinate)
ZL = lower plume boundary (Z-coordinate)
S = hydrodynamic average (bulk) dilution
C = average (bulk) concentration (includes reaction effects, if any)
TT = Cumulative travel time
X Y z S C BV BH ZU ZL
TT
1.06 0.20 0.00 9996.2 0.000E+00 0.00 0.00 0.00 0.00
-10583E+02

** CMC HAS BEEN FOUND **

The pollutant concentration in the plume falls below CMC value of 0.580E-02
in the current prediction interval.

This is the extent of the TOXIC DILUTION ZONE.

**WATER QUALITY STANDARD OR CCC HAS BEEN FOUND**

The pollutant concentration in the plume falls below water quality standard
or CCC value of 0.373E-02 in the current prediction interval.

This is the spatial extent of concentrations exceeding the water quality
standard or CCC value.

1.09 0.20 0.00 35.4 0.347E-02 0.34 0.31 0.34 0.00
-46258E+01

1.27 0.20 0.00 14.9 0.825E-02 0.81 0.76 0.81 0.00
-46258E+01

JD289(2)400GPMasStratFinal6.0R.prd.docx Page 3 of 6



1.44 0.20 0.00 11.6 0.106E-01 1.04 1.02 1.04 0.00
-46258E+01

1.61 0.20 0.00 10.5 0.117E-01 1.15 1.24 1.15 0.00
.46258E+01

1.78 0.20 0.00 10.5 0.117E-01 1.17 1.41 1.17 0.00
.50480E+01

1.95 0.20 0.00 11.7 0.105E-01 1.17 1.57 1.17 0.00
.59705E+01

2.12 0.20 0.00 13.5 0.908E-02 1.17 1.72 1.17 0.00
.68931E+01

2.29 0.20 0.00 15.3 0.804E-02 1.17 1.85 1.17 0.00
.78157E+01

2.46 0.20 0.00 16.5 0.744E-02 1.17 1.98 1.17 0.00
.87382E+01

2.63 0.20 0.00 17.2 0.715E-02 1.17 2.09 1.17 0.00
.96608E+01

2.80 0.20 0.00 17.6 0.699E-02 1.17 2.20 1.17 0.00
.10583E+02
Cumulative travel time = 10.5833 sec

END OF MOD132: LAYER BOUNDARY IMPINGEMENT/UPSTREAM SPREADING

** End of NEAR-FIELD REGION (NFR) **

In this design case, the discharge is located CLOSE TO BANK/SHORE.
Some boundary interaction occurs at end of near-field.

This may be related to a design case with a very LOW AMBIENT VELOCITY.

The dilution values in one or more of the preceding zones may be too high.
Carefully evaluate results in near-field and check degree of interaction.

Consider locating outfall further away from bank or shore.
In the next prediction module, the plume centerline will be set
to follow the bank/shore.

BEGIN MOD141: BUOYANT AMBIENT SPREADING

Plume is ATTACHED to RIGHT bank/shore.
Plume width is now determined from RIGHT bank/shore.

Profile definitions:

BV = top-hat thickness, measured vertically
BH = top-hat half-width, measured horizontally in Y-direction
ZU = upper plume boundary (Z-coordinate)
ZL = lower plume boundary (Z-coordinate)
S = hydrodynamic average (bulk) dilution
C = average (bulk) concentration (includes reaction effects, if any)
TT = Cumulative travel time
Plume Stage 2 (bank attached):
X Y VA S C BV BH ZU ZL
TT
2.80 -1.00 0.00 17.6 0.699E-02 1.51 3.40 1.51 0.00
-10583E+02
29.10 -1.00 0.00 24.5 0.502E-02 0.58 12.42 0.58 0.00
.15271E+03
55.40 -1.00 0.00 28.0 0.439E-02 0.44 18.73 0.44 0.00
-29484E+03
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81.70 -1.00 0.00
-43696E+03

31.6 0.389E-02

** REGULATORY MIXING ZONE BOUNDARY **
In this prediction interval the plume DOWNSTREAM distance meets or exceeds

the regulatory value =

91.44

m.

This is the extent of the REGULATORY

108.00 -1.00 0.00
-57909E+03

134.30 -1.00 0.00
.72121E+03

160.60 -1.00 0.00
-.86334E+03

186.90 -1.00 0.00
-10055E+04

213.20 -1.00 0.00
-11476E+04

239.50 -1.00 0.00
-12897E+04

265.80 -1.00 0.00
-14318E+04

292.10 -1.00 0.00
-15740E+04

318.40 -1.00 0.00
-17161E+04

344.70 -1.00 0.00
-18582E+04

371.01 -1.00 0.00
-20003E+04

397.31 -1.00 0.00
-21425E+04

423 .61 -1.00 0.00
-22846E+04

449 _91 -1.00 0.00
-24267E+04

476.21 -1.00 0.00
-25689E+04

502.51 -1.00 0.00
-27110E+04

528.81 -1.00 0.00
-28531E+04

555.11 -1.00 0.00
-29952E+04

581.41 -1.00 0.00
-31374E+04

607.71 -1.00 0.00
-32795E+04

634.01 -1.00 0.00
-34216E+04

660.31 -1.00 0.00
-35637E+04

686.61 -1.00 0.00
-37059E+04

712.91 -1.00 0.00
-38480E+04

739.21 -1.00 0.00
-39901E+04

765.51 -1.00 0.00
-41322E+04

783.81 -1.00 0.00

Cumulative travel time =
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MIXING ZONE.

.343E-02 0.37
-.300E-02 0.37
.261E-02 0.39
.226E-02 0.41
.196E-02 0.43
.170E-02  0.47
.147E-02 0.51
-128E-02 0.55
-112E-02 0.60
-986E-03 0.65
.871E-03 0.70
.772E-03 0.76
.687E-03 0.82
.615E-03 0.89
-552E-03 0.96
-498E-03 1.03
-450E-03 1.10
-409E-03 1.18
-373E-03 1.26
-341E-03 1.34
313E-03 1.42
288E-03 1.51
-265E-03 1.60
-245E-03 1.70
.227E-03 1.79
-211E-03 1.89

613.5 0.201E-03

4231.1387 sec
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CORMIX prediction has been TERMINATED at last prediction interval.
Limiting distance due to TIDAL REVERSAL has been reached.

END OF MOD141: BUOYANT AMBIENT SPREADING

CORMIX1: Single Port Discharges End of Prediction File
112211222211222211222112222112222111222112222111222117122111222117122211122211112111
111111112111171211
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CORM X SESSI ON REPORT:
OO0 000 00000.090.000.0.000.0000.000.0000000.000009.0.000.000.000.0.000.000.0.000.000.0000.000.000.64
CORM X M XI NG ZONE EXPERT SYSTEM
CORM X Version 6.0GT
HYDROL: Versi on-6.0. 0.0 Cctober, 2009

SI TE NAME/ LABEL: SI M
DESI GN CASE: JD289(2) 400GPMaSt r at Fi nal 6. 0
FI LE NAME:

P-\M xing\Critical Di schargeScenari os\ V. 6. 0\ 400GPMFi nal Ri ver\JD289(2) 400GPMaSt r a
t Final 6. OR. prd

Usi ng subsyst em CORM X1: Singl e Port Discharges

Start of session: 03/ 26/ 2010- - 14: 41: 15

R R Ik I R Ik Ok kR I Ik R R R Rk I b bk Sk R Rk Ik R bk kR SRRk kR ek S Rk

SUWMMARY OF | NPUT DATA:

AMBI ENT PARAMETERS:

Cross-section = bounded
W dt h BS = 158.50 m
Channel regularity | CHREG = 1
Ambi ent flowate QA = 203.38 m'3/s
Aver age depth HA =6.949 m
Dept h at di scharge HD = 4.86 m
Dar cy- Wi sbach friction factor F = 0. 0257
Cal cul ated from Manning's n = 0.025
Wnd velocity uw = 8.5 ns
TI DAL SI MULATI ON at tine Tsim = -2.55 hours
| nst ant aneous anbi ent velocity UA = 0.185 m's
Maxi mum ti dal velocity UaMAX = 0.3 m's
Rate of tidal reversal dupa/dt = 0.0725 (m' s)/ hour
Period of reversal T = 12. 4 hours
Stratification Type STRCND = B
Surface density RHOAS = 1012 kg/ m3
Bottom density RHOAB = 1022 kg/nt3
Stratification height H NT = 2.87 m(pycnocline |evel)
Density bel ow pycnocline RHOAP = 1022 kg/ nt3
DI SCHARGE PARAMETERS: Single Port Discharge
Near est bank = right
Di stance to bank DISTB = 1.00 m
Port di anmeter DO = 0.1248 m
Port cross-sectional area A0 = 0.0122 nt2
Di scharge vel ocity wo =4.41 ms
D scharge flowate Q = 0.053935 m3/s
Di scharge port height HO = 4.86 m
Vertical discharge angle THETA = -87.60 deg
Hori zont al di scharge angl e SIGVA = 90 deg
Di scharge tenperature (freshwater) = 10 degC
Correspondi ng density RHOO = 999. 7019 kg/ m3
Density difference DRHO = 22.2981 kg/ m3
Buoyant accel eration GPO = 0.214 ms"2
Di scharge concentrati on Cco = 0.123 ny/|
Surface heat exchange coeff. KS =0 nls
Coef ficient of decay KD =0/s
Dl SCHARGE/ ENVI RONMENT LENGTH SCALES:
LQ =0.11m Lm = 2.64 m Lb =1.82 m
LM =3.17 m Lm = 1.63 m Lb' = 1.17 m
UNSTEADY Tl DAL SCALES:
Tu = 0.2952 hours Lu =22.76 m Lmin= 0.37 m
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NON- DI MENSI ONAL PARAMETERS:

Port densinetric Froude number FRO = 26.97
Vel ocity ratio R = 23.83
M XI NG ZONE / TOXI C DI LUTI ON ZONE / AREA OF | NTEREST PARAMETERS
Toxi ¢ di scharge = yes
CMC concentration CcMC = 0.0058 ny/|
CCC concentration CCcC = 0.00373 ny/ |
Water quality standard specified = given by CCC val ue
Regul atory m xi ng zone = yes
Regul at ory m xi ng zone specification = di stance
Regul atory m xi ng zone val ue =91.44 m(m2 if area)
Regi on of interest = 3500 m

R R I S R S R IRk Ok kR I IRk kI b kR R ARk kb kR Ak Sk R Rk R R ek S S Rk

HYDRCDYNAM C CLASSI FI CATI ON:
* *

| FLOWCLASS = 1V5

This flow configuration applies to a |layer corresponding to |lower stratified
density layer at the discharge site. The density junp at the pycnocline
confines the flowto the | ower |ayer.

Applicable |layer depth = lower |ayer depth = 1.99 m

R R R I S R R Ik Sk kR e R R R R ek kR Ik Sk Sk R Rk kO R ok kR R R R Ok kR R R Ik S R Rk Ok

M XI NG ZONE EVALUATI ON (hydrodynam ¢ and regul atory sunmary):

X-Y-Z Coordi nate system

Oiginis located at the bottom bel ow the port center:
1.00 mfromthe right bank/shore
Nunber of display steps NSTEP = 30 per nodul e.

NEAR- FI ELD REG ON (NFR) CONDI Tl ONS :

Note: The NFR is the zone of strong initial mxing. 1t has no regul atory
inmplication. However, this information may be useful for the discharge
desi gner because the mixing in the NFRis usually sensitive to the
di scharge desi gn conditions.

Pol l utant concentration at NFR edge c¢ = 0.007 ng/|
Dilution at edge of NFR s = 17.6
NFR Locati on: X =2.80m
(centerline coordinates) y =0.20 m
z=0m
NFR pl une di mensions: half-width (bh) = 2.20 m
thi ckness (bv) = 1.17 m

Cunul ative travel tine: 10. 5833 sec.

Buoyancy assessnent:
The effluent density is |less than the surroundi ng anbi ent water
density at the discharge |evel
Therefore, the effluent is POSI TI VELY BUOYANT and will tend to rise towards
the surface.

Stratification assessnent:
The specified two | ayer anbient density stratification is dynamically
i mportant. The discharge near field floww Il be confined to the | ower
| ayer by the anbient density stratification.
Furthernore, it is trapped at the pycnocline by the anbient density
j unp.

UPSTREAM | NTRUSI ON  SUMVARY:

Pl unme exhibits upstreamintrusion due to | ow anbient velocity or strong
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di scharge buoyancy.
Intrusion length
I ntrusion stagnati on point
I ntrusion thickness
Intrusion half width at inpingenent
Intrusion half thickness at inpingenent
PLUME BANK CONTACT SUMVARY!
Plunme in bounded section contacts one bank only at 2.80 m downstream
UNSTEADY TI DAL ASSESSMENT:
Because of the unsteadi ness of the anbient current during the tidal
reversal, CORM X predictions have been TERM NATED at :

TRNTERTRRTINT
A
H
\l
33333

X = 783.81 m
y =-1.00 m
z=0m

For this conditi on BEFORE Tl DAL REVERSAL, extensive re-entrainment
of previously discharged is unlikely.
To determ ne the mninmumdilution, perform additional sinmulations
after slack tide.
kkkhkkhkkhkkhkkhkkhkkhkhkkkkhkkhkkkkikkhkkkk*k TOXI C D LLJTI O\l ZO\]E SUM\MRY khkkkhkkhkhkkhkkhkhkkhkhkhkkhkkiikkkhkhkkk*
Recal | : The TDZ corresponds to the three (3) criteria issued in the USEPA
Techni cal Support Docunent (TSD) for Water Quality-based Toxics Control,
1991 ( EPA/ 505/ 2-90-001).

Criterion maxi mum concentration (CMC) = 0.0058 ng/l
Correspondi ng dilution = 21.206897
The CMC was encountered at the foll owing plunme position

Pl ume | ocati on: x = 1.57 m

(centerline coordi nates) y =0.20 m

z =0.20m

Pl ure di mensi on: hal f-width (bh) = 0.70 m
thi ckness (bv) = 0.25 m

Conput ed di stance from port opening to CMC | ocation = 4.92 m

CRITERION 1: This location is within 50 tines the discharge |Iength scal e of
Lg = 0.11 m

+++++ The di scharge | ength scale TEST for the TDZ has been SATI SFI ED. ++++++

Conput ed horizontal distance fromport opening to CMC location = 1.59 m
CRITERION 2: This location is within 5 tinmes the anbi ent water depth of

HD = 4.86 m
++++++++++ The anbi ent depth TEST for the TDZ has been SATI SFI ED. ++++++++++

Conput ed di stance fromport opening to CMC |l ocation = 4.92 m
CRITERION 3: This location is within one tenth the distance of the extent
of the Regulatory M xing Zone of 91.57 min any
spatial direction fromthe port opening.
+++++ The Regul atory M xi ng Zone TEST for the TDZ has been SATI SFI ED. ++++++

The diffuser discharge velocity is equal to 4.41 nis.
Thi s exceeds the value of 3.0 nmis recomended in the TSD.

*** Al three CMC criteria for the TDZ are SATISFIED for this discharge. ***
EIRE R IR b b b S b b S b b S REGJLATOQY M xl NG ZO\IE SUNIVARY ORI IR I b S b b S S b b S S
The plume conditions at the boundary of the specified RMZ are as foll ows:

Pol | utant concentrati on c = 0.003716 no/l
Correspondi ng dilution s = 33.1
Pl ume | ocati on: X = 91.44 m
(centerline coordi nates) y =-1.00 m
z =0m
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25.89 m
0.38 m

Pl une di nmensi ons: hal f-w dth (bh)
t hi ckness (bv)
Cunul ative travel tinme: 489. 5845 sec.
At this position, the plunme is CONTACTING the RI GHT bank.
Furthernore, the CCC for the toxic pollutant has indeed been net
within the RMZ. In particul ar:
The CCC was encountered at the follow ng plune position:
The CCC for the toxic pollutant was encountered at the foll ow ng
pl umre position:

CCcC = 0.00373 ny/l
Correspondi ng dilution = 33.0
Pl ume | ocati on: x =1.15 m
(centerline coordi nates) y =0.20 m
z =0.02m
Pl une di mensi ons: hal f-width (bh) = 0.35 m
thi ckness (bv) = 0.33 m

kkkhkkhkkkkhkkhkkkkhkkhkkkikkhkkhkkkkhkhk FI NAL ESI G\l ADVI CE AND (:OVIVENTS kkkhkkkkhkkhkkhkkhkkhkkhkkhkkikkhkkhkkikhkk*k
REM NDER: The user nust take note that HYDRODYNAM C MCDELI NG by any known
techni que is NOT AN EXACT SCl ENCE.
Ext ensive conparison with field and | aboratory data has shown that the
CORM X predictions on dilutions and concentrations (w th associ ated
pl ume geonetries) are reliable for the mapjority of cases and are accurate
to within about +-50% (standard devi ation).
As a further safeguard, CORM X will not give predictions whenever it judges
t he design configuration as highly conplex and uncertain for prediction.
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CORM X1 PREDI CTI ON FI LE:
1112211112222111222111222112222111222111222111222111222111122111222111221111221111121
11111111112111111
CORM X M XI NG ZONE EXPERT SYSTEM
Subsystem CORM X1: Single Port Discharges
CORM X Version 6.0GT
HYDROL Version 6.0.0.0 Cctober 2009

CASE DESCRI PTI ON

Site name/l abel : SI M

Desi gn case: JD289(2) 400GPMuSt rat Fi nal 6. 0

FI LE NAME: P:\...00GPMi nal Ri ver\ JD289( 2) 400GPMuSt r at Fi nal 6. OR. prd
Ti me stanp: Fri Mar 26 14:44:14 2010

ENVI RONVENT PARAMETERS (nmetric units)
Bounded section

BS = 158.50 AS = 1035.95 QA = 90.13 ICHREG= 1

HA = 6.54 HD = 4.58

Tidal Sinmulation at TIME = -1.300 h

PERI OD= 12.40 h UAmax = 0. 300 dUa/dt= 0.067 (ms)/h

UA = 0.087 F = 0. 026 USTAR =0. 4983E- 02

uw = 8. 500 UWBTAR=0. 1074E- 01

Density stratified environment

STRCND= B RHOAM = 1017. 6293

RHOAS = 1012. 0000 RHOAB = 1022. 0000 RHOAHO= 1022.0000 E =0. 0000E+00
DRHQJ = 10. 0000 HINT = 2.58 ES =0. 3726E- 01

Dl SCHARGE PARAMETERS (netric units)
Above Surface Discharge:
Re- conput ed di scharge conditions at entry point at water surface.

BANK = RIGHT DI STB = 0. 97
DO = 0.083 A0 = 0. 005 HO = 4.58 SUBO0 = 0. 00
THETA = 0.00 SIGWA = 90. 00
uo = 5.220 QO = 0. 029 =0. 2856E- 01
RHOO = 999.7019 DRHO =0.2230E+02 GPO  =0.2140E+00
Co =0. 1220E+00 CUNITS= ny/l
IPOLL = 1 KS =0. 0000E+00 KD =0. 0O000E+00
FLUX VARI ABLES (netric units)
Q =0. 2856E-01 M =0. 1491E+00 JO =0. 6110E- 02 SIGNJO= 1.0
Associ ated I ength scales (neters)
LQ = 0.07 LM = 3.07 Lm = 4.44 Lb = 9. 28
Lmp = 1.41 Lbp = 0. 96
Ti dal : Tu = 0.2882 h Lu = 20.015 Lmn = 0. 247
NON- DI MENSI ONAL  PARAMETERS
FRO = 39.06 R = 60. 00

FLOW CLASSI FI CATI ON
11122111122111171222111222111122211112211112111
1 Flow class (CORM X1) = I V5 1
1 Applicable |ayer depth HS = 2.00 1
111212111122111122211122211122211112211112111

M XI NG ZONE / TOXIC DI LUTI ON / REQ ON OF | NTEREST PARAMETERS
Cco =0. 1220E+00 CUNITS= ng/l
NTOX = 1 CMC =0.5800E-02 cCCcC = CSTD
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NSTD = 1 CSTD =0. 3730E-02

REGWE = 1

REGSPC= 1 XREG = 91.44 WREG = 0.00 AREG = 0. 00
XINT = 3500. 00 XMAX = 3500. 00

X-Y-Z COCRDI NATE SYSTEM
OCRIAN is located at the bottom and bel ow the center of the port:
0.97 m fromthe R GHT bank/shore
X-axis points downstream Y-axis points to left, Z-axis points upward.
NSTEP = 30 display intervals per nodul e

BEG N MOD101: DI SCHARGE MODULE

X Y Z S C B Uc 1T
0. 00 0. 00 4.58 1.0 0.122E+00 0.04 5.220 . 00000E+00

END OF MOD101: DI SCHARGE MODULE

BEG N CORJET (MOD110): JET/ PLUVME NEAR-FI ELD M XI NG REG ON
Jet/plune transition notion in weak crossfl ow.

Zone of flow establishnent: THETAE= -88.86 S| GVAE= 69. 78
LE = 0.39 XE = 0.00 VYE = 0.01 ZE = 4,18

Profile definitions:

B = Gaussian 1l/e (37% half-width, normal to trajectory

S = hydrodynani c centerline dilution

C = centerline concentration (includes reaction effects, if any)

Uc = Local centerline excess velocity (above anbient)

TT = Currul ative travel tine

X Y Z S C B Uc T
0. 00 0. 00 4.58 1.0 0.122E+00 0. 04 5.220 . 0O0000E+00
0. 00 0.01 4.18 1.0 0.122E+00 0.04 5.220 .26682E-02
0. 00 0.01 4. 07 1.1 0.109E+00 0. 06 5.220 . 21333E-01
0.01 0.01 3.94 1.4 0.865E-01 0.07 4.343 . 48884E- 01
0.01 0.01 3.81 1.7 0.719E-01 0.09 3.594 . 82697E-01
0.01 0.02 3. 69 1.9 0.628E-01 0.10 3.128 . 11670E+00
0. 02 0.02 3. 56 2.2 0.547E-01 0.11 2.712 . 16230E+00
0.03 0.02 3.43 2.5 0.485E-01 0.13 2.390 . 21434E+00
0.03 0.02 3.32 2.8 0.442E-01 0.14 2.166 . 26415E+00
0.04 0.03 3.19 3.0 0.400E-01 0.15 1. 949 . 32842E+00
0. 05 0.03 3.08 3.3 0.370E-01 0.17 1.792 . 38887E+00
0. 06 0.03 2.94 3.6 0.341E-01 0.18 1. 635 . 46577E+00
0. 08 0.03 2.81 3.9 0.316E-01 0.20 1.501 . 54968E+00
0.09 0.04 2.70 4.1 0.297E-01 0.21 1.399 . 62730E+00
0.11 0.04 2. 57 4.4 0.278E-01 0. 23 1.294 . 72469E+00
0.13 0.04 2.44 4.7 0.261E-01 0. 24 1.201 . 82962E+00
0.14 0.04 2.33 4.9 0.248E-01 0. 26 1.128 . 92574E+00
0.17 0.05 2.20 5.2 0.235E-01 0.27 1.052 . 10453E+01
0.19 0. 05 2. 07 5.5 0.223E-01 0. 29 0.982 .11732E+01
0.21 0.05 1.96 5.7 0.213E-01 0.30 0. 927 . 12897E+01
0.24 0. 05 1.83 6.0 0.203E-01 0. 32 0. 868 . 14338E+01
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0. 27 0. 06 1.70 6.3 0.194E-01 0. 34 0. 813 . 15873E+01
0. 29 0. 06 1.60 6.5 0.187E-01 0. 35 0. 769 . 17267E+01
0. 33 0. 06 1. 47 6.8 0.179E-01 0. 37 0.721 . 18987E+01
0. 36 0. 07 1.34 7.1 0.172E-01 0. 39 0.675 . 20815E+01
0. 40 0. 07 1.23 7.3 0.166E-01 0. 40 0. 638 . 22473E+01
0. 44 0. 07 1.11 7.6 0.160E-01 0. 42 0. 598 . 24519E+01
0. 48 0. 07 0. 99 7.9 0.154E-01 0. 44 0. 559 . 26693E+01
0. 52 0. 08 0. 88 8.1 0.150E-01 0. 46 0. 527 . 28665E+01
0. 57 0. 08 0. 76 8.4 0.145E-01 0. 48 0. 491 . 31102E+01
0. 62 0. 08 0. 64 8.7 0.139E-01 0.50 0. 454 . 33704E+01
0. 67 0. 09 0. 54 9.0 0.135E-01 0. 52 0. 423 . 36082E+01
Cunul ative travel time = 3.6082 sec

END OF CORJET (MOD110): JET/ PLUME NEAR- FI ELD M XI NG REG ON

BEG N MOD132: LAYER BOUNDARY | MPI NGEMENT/ UPSTREAM SPREADI NG

Vertical angle of |ayer/boundary inpi ngenent = -64. 20 deg
Hori zontal angle of |ayer/boundary inpingenent = 3. 37 deg
UPSTREAM | NTRUSI ON PROPERTI ES:
Upstreamintrusion length = 3.34 m
X-position of upstream stagnation point = -2.68 m
Thi ckness in intrusion region = 0.44 m
Hal f -wi dth at downstream end = 5.69 m
Thi ckness at downstream end = 0.44 m
Control volune infl ow
X Y z S C B TT
0. 67 0.09 0. 54 9.0 0.135E-01 0. 52 . 36082E+01

Profile definitions:

BV = top-hat thickness, neasured vertically
BH = top-hat hal f-w dth, nmeasured horizontally in Y-direction
ZU = upper plunme boundary (Z-coordinate)
ZL = |l ower plunme boundary (Z-coordinate)
S = hydrodynani c average (bul k) dilution
C = average (bul k) concentration (includes reaction effects, if any)
TT = Cumul ative travel tine
X Y z S C BV BH ZU ZL
TT
-2.68 0. 09 0.00 9996.0 0.000E+00 0.00 0. 00 0. 00 0. 00
. 36313E+02

** CMC HAS BEEN FOUND **
The pol | utant concentration in the plume falls bel ow CMC val ue of 0.580E-02
in the current prediction interval.
This is the extent of the TOXI C DI LUTI ON ZONE
**WATER QUALI TY STANDARD OR CCC HAS BEEN FOUND**
The pol lutant concentration in the plune falls bel ow water quality standard
or CCC value of 0.373E-02 in the current prediction interval
This is the spatial extent of concentrations exceeding the water quality
standard or CCC val ue.

-2.55 0.09 0. 00 38.9 0.313E-02 0.10 0. 80 0.10 0. 00
. 36082E+01

-1.95 0.09 0. 00 16.2 0. 755E-02 0.25 1.95 0. 25 0. 00
. 36082E+01
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-1.34 0.09 0. 00 12.2 0. 100E-01 0. 33 2.64 0. 33 0. 00
. 36082E+01

-0.73 0. 09 0. 00 10.4 0.117E-01 0. 38 3.19 0. 38 0. 00
. 36082E+01
-0.13 0. 09 0. 00 9.6 0.128E-01 0. 42 3. 65 0.42 0. 00
. 36082E+01
0. 48 0. 09 0. 00 9.1 0.134E-01 0. 44 4. 06 0. 44 0. 00
. 36082E+01
1.09 0. 09 0. 00 9.1 0.133E-01 0. 44 4. 44 0. 44 0. 00
. 56383E+01
1.69 0. 09 0. 00 10.9 0.112E-01 0. 44 4.78 0. 44 0. 00
. 13307E+02
2.30 0. 09 0. 00 13.3 0. 916E-02 0. 44 5.10 0. 44 0. 00
. 20975E+02
2.91 0. 09 0. 00 14.8 0.826E-02 0. 44 5.40 0. 44 0. 00
. 28644E+02
3.51 0. 09 0. 00 15.4 0. 794E-02 0. 44 5.69 0. 44 0. 00
. 36313E+02
Cunul ative travel tinme = 36. 3127 sec

END OF MOD132: LAYER BOUNDARY | MPI NGEMENT/ UPSTREAM SPREADI NG

** End of NEAR-FIELD REG ON (NFR) **

In this design case, the discharge is | ocated CLOSE TO BANK/ SHORE.
Sone boundary interaction occurs at end of near-field.

This may be related to a design case with a very LOW AMBI ENT VELOCI TY.

The dilution values in one or nore of the precedi ng zones may be too high.
Carefully evaluate results in near-field and check degree of interaction.

Consi der locating outfall further away from bank or shore.
In the next prediction nodule, the plume centerline will be set
to foll ow t he bank/shore.

BEG N MOD141: BUOYANT AMBI ENT SPREADI NG

Pl une is ATTACHED to RI GHT bank/ shor e.
Plune width is now determ ned from Rl GHT bank/ shor e.

Profile definitions:

BV = top-hat thickness, neasured vertically
BH = top-hat hal f-w dth, nmeasured horizontally in Y-direction
ZU = upper plunme boundary (Z-coordinate)
ZL = | ower plunme boundary (Z-coordinate)
S = hydrodynani c average (bul k) dilution
C = average (bul k) concentration (includes reaction effects, if any)
TT = Curul ative travel tine
Pl une Stage 2 (bank attached):
X Y Z S C BV BH ZU ZL
TT
3.51 -0.97 0. 00 15.4 0.794E-02 0.75 6.74 0.75 0. 00
. 36313E+02
22.01 -0.97 0. 00 20.2 0.605E-02 0.37 18. 05 0. 37 0. 00
. 24882E+03
40. 50 -0.97 0. 00 23.7 0.516E-02 0.30 26. 33 0. 30 0. 00
. 46133E+03
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59. 00 -0.97 0. 00 27.7 0.440E-02 0.27 33. 38 0. 27 0. 00
. 67383E+03
77.49 -0.97 0. 00 32.8 0.372E-02 0.27 39. 69 0. 27 0. 00
. 88634E+03
** REGULATORY M XI NG ZONE BOUNDARY **
In this prediction interval the plunme DONMNSTREAM di stance nmeets or exceeds

the regul atory val ue = 91.44 m
This is the extent of the REGULATORY M XI NG ZONE

95. 98 -0.97 0. 00 39.2 0.311E-02 0. 29 45, 51 0. 29 0. 00
. 10988E+04

114. 48 -0.97 0. 00 47.0 0. 260E-02 0.31 50. 95 0.31 0. 00
. 13114E+04

132. 97 -0.97 0. 00 56.3 0.217E-02 0. 34 56. 12 0.34 0. 00
. 15239E+04

151. 46 -0.97 0. 00 67.3 0. 181E-02 0. 37 61. 05 0. 37 0. 00
. 17364E+04

169. 96 -0.97 0. 00 80.0 0. 153E-02 0.41 65. 80 0.41 0. 00
. 19489E+04

188. 45 -0.97 0. 00 94.4 0. 129E-02 0. 45 70. 39 0. 45 0. 00
. 21614E+04

206. 95 -0.97 0. 00 110.7 0.110E-02 0.50 74. 84 0.50 0. 00
. 23739E+04

225. 44 -0.97 0. 00 128.9 0. 947E-03 0. 55 79. 17 0. 55 0. 00
. 25864E+04

229. 97 -0.97 0. 00 133.8 0.915E-03 0. 56 80. 21 0. 56 0. 00
Cunul ative travel tine = 2638. 4316 sec

CORM X prediction has been TERM NATED at | ast prediction interval.
Limting distance due to Tl DAL REVERSAL has been reached.

END OF MOD141: BUOYANT AMBI ENT SPREADI NG

CORM X1: Single Port D scharges End of Prediction File
11121111122211122211112211122211222211122211122211112221112221112221112221111222111111
1111111112121111121
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CORM X SESSI ON REPORT:
OO0 000 00000.090.000.0.000.0000.000.0000000.000009.0.000.000.000.0.000.000.0.000.000.0000.000.000.64
CORM X M XI NG ZONE EXPERT SYSTEM
CORM X Version 6.0GT
HYDROL: Versi on-6.0. 0.0 Cctober, 2009

SI TE NAME/ LABEL: SI M
DESI GN CASE: JD289(2) 400GPMbSt r at Fi nal 6. 0
FI LE NAME:

P-\M xing\Critical Di schargeScenari os\ V. 6. 0\ 400G°PMFi nal Ri ver\JD289(2) 400GPMuStr a
t Final 6. OR. prd

Usi ng subsyst em CORM X1: Singl e Port Discharges

Start of session: 03/ 26/ 2010- - 14: 44: 14

R R Ik I R Ik Ok kR I Ik R R R Rk I b bk Sk R Rk Ik R bk kR SRRk kR ek S Rk

SUWMMARY OF | NPUT DATA:

AMBI ENT PARAMETERS:

Cross-section = bounded
W dt h BS = 158.50 m
Channel regularity | CHREG = 1
Ambi ent flowate QA = 90. 13 nm3/s
Aver age depth HA =6.54 m
Dept h at di scharge HD =4.58 m
Dar cy- Wi sbach friction factor F = 0.0262
Cal cul ated from Manning's n = 0.025
Wnd velocity uw = 8.5 ns
TI DAL SI MULATI ON at tine Tsim = -1.3 hours
| nst ant aneous anbi ent velocity UA = 0.087 ms
Maxi mum ti dal velocity UaMAX = 0.3 m's
Rate of tidal reversal dupa/dt = 0.0669 (m s)/ hour
Period of reversal T = 12.4 hours
Stratification Type STRCND = B
Surface density RHOAS = 1012 kg/ m3
Bottom density RHOAB = 1022 kg/nt3
Stratification height H NT = 2.58 m (pycnocline |evel)
Density bel ow pycnocline RHOAP = 1022 kg/ nt3
Dl SCHARGE PARAMETERS: Single Port Discharge
Near est bank = right
Di stance to bank DISTB = 0.97 m
Port di anmeter DO = 0.0835 m
Port cross-sectional area A0 = 0.0055 nt2
Di scharge vel ocity wo =5.22 ms
Di scharge flowate Q = 0.028558 m3/s
Di scharge port height HO = 4.58 m
Vertical discharge angle THETA = -88.93 deg
Hori zont al di scharge angl e SIGVA = 90 deg
Di scharge tenperature (freshwater) = 10 degC
Correspondi ng density RHOO = 999. 7019 kg/ m3
Density difference DRHO = 22.2981 kg/ m3
Buoyant accel erati on GPO = 0.214 ms"2
Di scharge concentrati on Cco = 0.122 ny/|
Surface heat exchange coeff. KS =0 nls
Coefficient of decay KD =01/s
DI SCHARGE/ ENVI RONVENT LENGTH SCALES:
LQ =0.07 m Lm = 4.44 m Lb =9.28 m
LM = 3.07 m Lm = 1.41 m Lb' = 0.96 m
UNSTEADY Tl DAL SCALES:
Tu = 0.2882 hours Lu =20.01 m Lmin= 0.25 m
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NON- DI MENSI ONAL PARAMETERS:

Port densinetric Froude number FRO = 39. 06
Vel ocity ratio R = 60. 00
M XI NG ZONE / TOXI C DI LUTI ON ZONE / AREA OF | NTEREST PARAMETERS
Toxi ¢ di scharge = yes
CMC concentration CcMC = 0.0058 ny/|
CCC concentration CCcC = 0.00373 no/ |
Water quality standard specified = given by CCC val ue
Regul atory m xi ng zone = yes
Regul at ory m xi ng zone specification = di stance
Regul atory m xi ng zone val ue =91.44 m(m2 if area)
Regi on of interest = 3500 m

R R R I S R R R Ik Ok kR I IRk kI kR R R R Sk kb kR R Rk kb O R R ek R SRR e e Sk

HYDRCDYNAM C CLASSI FI CATI ON:
* *

| FLOWCLASS = 1V5

This flow configuration applies to a |layer corresponding to |lower stratified
density layer at the discharge site. The density junp at the pycnocline
confines the flowto the | ower |ayer.

Applicable layer depth = |lower |ayer depth = 2.00 m

R IR I o S R R R IRk Sk kb kR R R e bk kR Rk Sk Sk R Rk kR Rk Ik b R R R Ik S e R Rk

M XI NG ZONE EVALUATI ON (hydrodynam ¢ and regul atory sunmary):

X-Y-Z Coordi nate system

Oiginis located at the bottom bel ow the port center:
0.97 mfromthe right bank/shore
Nunber of display steps NSTEP = 30 per nodul e.

NEAR- FI ELD REG ON (NFR) CONDI Tl ONS :

Note: The NFR is the zone of strong initial mixing. It has no regulatory
implication. However, this information may be useful for the discharge
desi gner because the mixing in the NFRis usually sensitive to the
di scharge desi gn conditions.

Pol l utant concentration at NFR edge c¢ = 0.0079 ny/l|
Dilution at edge of NFR s = 15.4
NFR Locati on: x = 3.51m
(centerline coordinates) y =0.09 m
z=0m
NFR pl une di mensions: half-width (bh) = 5.69 m
thickness (bv) = 0.44 m

Cunul ative travel tine: 36. 3127 sec.

Buoyancy assessnent:
The effluent density is |less than the surroundi ng anbi ent water
density at the discharge |evel.
Therefore, the effluent is POSI TI VELY BUOYANT and will tend to rise towards
the surface.

Stratification assessnent:
The specified two | ayer anbient density stratification is dynanmically
i mportant. The discharge near field floww Il be confined to the | ower
| ayer by the anbient density stratification.
Furthernore, it is trapped at the pycnocline by the anbient density
j unp.

UPSTREAM | NTRUSI ON  SUMVARY:

Pl une exhibits upstreamintrusion due to | ow anbient velocity or strong
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di scharge buoyancy.

Intrusion length = 3.34 m
I ntrusion stagnati on point = -2.68 m
I ntrusion thickness = 0.44 m
Intrusion half width at inpingenent = 5,69 m
Intrusion half thickness at inpingenent = 0.44 m

PLUVE BANK CONTACT SUMVARY:
Plunme in bounded section contacts one bank only at 3.51 m downstream

UNSTEADY TI DAL ASSESSMENT:
Because of the unsteadi ness of the anbient current during the tidal
reversal, CORM X predictions have been TERM NATED at :

X = 229.97 m
y =-0.97 m
z=0m

For this conditi on BEFORE Tl DAL REVERSAL, extensive re-entrainment
of previously discharged is unlikely.
To determ ne the mninmumdilution, perform additional sinmulations
after slack tide.
kkkhkkkhkkhkkhkkhkkhkhkkhkkhkkhkkhkkikkhkkkk*k TOXI C D LLJTI O\l ZO\]E SUM\MRY khkkkhkkhkhkkhkhkhkkhkhkhkkhkkhkhkkhkhkxk*%
Recal | : The TDZ corresponds to the three (3) criteria issued in the USEPA
Techni cal Support Docunent (TSD) for Water Quality-based Toxics Control,
1991 ( EPA/ 505/ 2-90-001).

Criterion maxi mum concentration (CMC) = 0.0058 ng/l
Correspondi ng dilution = 21.034483
The CMC was encountered at the follow ng plune position:

Pl ume | ocati on: X = -0.65 m

(centerline coordinates) y =0.09 m

z =0.14m

Pl ue di mensi on: hal f-width (bh) = 1.89 m
t hi ckness (bv) = 0.08 m

Conput ed di stance from port opening to CMC | ocation = 4.48 m

CRITERION 1: This location is beyond 50 tines the discharge | ength scal e of
Lg = 0.07 m

+++++ The di scharge | ength scale TEST for the TDZ has FAI LED. ++++++

Conput ed hori zontal distance fromport opening to CMC | ocation = 0.66 m
CRITERION 2: This location is within 5 tinmes the anbi ent water depth of

HD = 4.58 m
++++++++++ The anbi ent depth TEST for the TDZ has been SATI SFI ED. ++++++++++

Conput ed di stance fromport opening to CMC location = 4.48 m
CRITERION 3: This location is within one tenth the distance of the extent
of the Regulatory M xing Zone of 91.56 min any
spatial direction fromthe port opening.
+++++ The Regul atory M xi ng Zone TEST for the TDZ has been SATI SFI ED. ++++++

The diffuser discharge velocity is equal to 5.22 nis.
Thi s exceeds the value of 3.0 nis recommended in the TSD.

*** This di scharge DOES NOT SATISFY all three CMC criteria for the TDZ. ****
EIRE R IR b I b b S b b S S b S REGJLATOQY M xl NG ZO\IE SUMVARY R IR R Sk I S b b b b S b b A S S
The plume conditions at the boundary of the specified RMZ are as foll ows:

Pol | utant concentrati on ¢ = 0.003255 ng/l
Correspondi ng dilution s = 37.6
Pl urme | ocati on: X =91.44 m
(centerline coordinates) y =-0.97 m
z =0m
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Pl une di nmensi ons: hal f-w dth (bh) 44,10 m
t hi ckness (bv) 0.28 m
Cunul ative travel tinme: 1046. 6427 sec.
At this position, the plume is CONTACTING the RI GHT bank.
Furthernore, the CCC for the toxic pollutant has indeed been net
within the RMZ. In particul ar:
The CCC was encountered at the follow ng plune position:
The CCC for the toxic pollutant was encountered at the foll ow ng
pl umre position:

CCcC = 0.00373 ny/l
Correspondi ng dilution = 32.7
Pl ume | ocati on: X =-2.13 m
(centerline coordinates) y =0.09 m
z =0.03m
Pl une di mensi ons: hal f-width (bh) = 1.05 m
t hi ckness (bv) = 0.10 m

kkkkhkkhkkhkkhkkkhkkhkkhkkkikkhkkikkkkhkhx FI NAL ESIG\I ADVI (:E AND (:OVIVENTS kkkhkkkkhkkhkkhkkkhkkhkkhkkhkkikkhkkhkkikhkkk
REM NDER: The user nust take note that HYDRODYNAM C MCODELI NG by any known
techni que is NOT AN EXACT SCl ENCE.
Ext ensive conparison with field and | aboratory data has shown that the
CORM X predictions on dilutions and concentrations (w th associ ated
pl ume geonetries) are reliable for the magjority of cases and are accurate
to within about +-50% (standard devi ation).
As a further safeguard, CORM X will not give predictions whenever it judges
t he design configuration as highly conpl ex and uncertain for prediction.
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CORM X1 PREDI CTI ON FI LE:
1112211112222111222111222112222111222111222111222111222111122111222111221111221111121
11111111112111111
CORM X M XI NG ZONE EXPERT SYSTEM
Subsystem CORM X1: Single Port Discharges
CORM X Version 6.0GT
HYDROL Version 6.0.0.0 Cctober 2009

CASE DESCRI PTI ON

Site name/l abel : SI M

Desi gn case: JD289(2) 400GPMc St rat 2Fi nal 6. 0

FI LE NAME: P:\...00GPMi nal Ri ver\JD289( 2) 400GPMcSt r at Fi nal 6. OR. prd
Ti me stanp: Fri Mar 26 14:48:14 2010

ENVI RONVENT PARAMETERS (nmetric units)
Bounded section

BS = 158.50 AS = 1035.95 QA = 72.52 ICHREG= 1

HA = 6.54 HD = 4.58

Tidal Sinmulation at TIME = 0.700 h

PERI OD= 12.40 h UAmex = 0. 300 dUa/dt= 0.100 (ms)/h

UA = 0.070 F = 0. 026 USTAR =0. 4009E- 02

uw = 8. 500 UWBTAR=0. 1074E- 01

Density stratified environment

STRCND= B RHOAM = 1017. 6293

RHOAS = 1012. 0000 RHOAB = 1022. 0000 RHOAHO= 1022.0000 E =0. 0000E+00
DRHQJ = 10. 0000 HINT = 2.58 ES =0. 3726E- 01

Dl SCHARGE PARAMETERS (netric units)
Above Surface Discharge:
Re- conput ed di scharge conditions at entry point at water surface.

BANK = RIGHT DI STB = 1.01
DO = 0.115 A0 = 0.010 HO = 4.58 SUBO0 = 0. 00
THETA = 0.00 SIGWA = 90. 00
uo = 5.222 Q = 0. 054 =0. 5394E- 01
RHOO = 999.7019 DRHO =0.2230E+02 GPO  =0.2140E+00
Q0 =0. 3500E-01 CUNITS= ny/l
IPOLL = 1 KS =0. 0000E+00 KD =0. 0000E+00
FLUX VARI ABLES (netric units)
Q =0.5394E-01 M =0. 2817E+00 JO =0. 1154E- 01 SIGNJO= 1.0
Associ ated I ength scales (neters)
LQ = 0.10 LM = 3.60 Lm = 7.58 Lb = 33. 64
Lmp = 1.66 Lbp = 1.13
Ti dal : Tu = 0.2452 h Lu = 21.643 Lmn = 0. 339
NON- DI MENSI ONAL  PARAMETERS
FRO = 33.34 R = 74. 60

FLOW CLASSI FI CATI ON
111222111122111122211122211122211117221111212111
1 Flow class (CORM X1) = I V5 1
1 Applicable layer depth HS = 2.00 1
1112221111222111122211122211122211112211112111

M XING ZONE / TOXIC DI LUTI ON / REQ ON OF | NTEREST PARAMETERS
Cco =0. 3500E-01 CUNITS= nu/l
NTOX = 1 CMC =0.5800E-02 cCccC = CSTD
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NSTD = 1 CSTD =0. 3730E-02

REGWE = 1

REGSPC= 1 XREG = 91.44 WREG = 0.00 AREG = 0. 00
XINT = 35000.00 XMAX = 35000.00

X-Y-Z COCRDI NATE SYSTEM
OCRIAN is located at the bottom and bel ow the center of the port:
1.01 m fromthe RI GHT bank/shore
X-axis points downstream Y-axis points to left, Z-axis points upward.
NSTEP = 30 display intervals per nodul e

BEG N MOD101: DI SCHARGE MODULE

X Y Z S C B Uc 1T
0. 00 0. 00 4.58 1.0 0. 350E-01 0. 06 5.222 . 00000E+00

END OF MOD101: DI SCHARGE MODULE

BEG N CORJET (MOD110): JET/ PLUME NEAR-FI ELD M XI NG REG ON
Jet/plune transition notion in weak crossfl ow.

Zone of flow establishnent: THETAE= -87.95 S| GVAE= 81. 08
LE = 0.55 XE = 0.00 VYE = 0.02 ZE = 4,03

Profile definitions:

B = Gaussian 1l/e (37% half-width, normal to trajectory

S = hydrodynanmi c centerline dilution

C = centerline concentration (includes reaction effects, if any)

Uc = Local centerline excess velocity (above anbient)

TT = Currul ative travel tine

X Y Z S C B Uc T
0. 00 0. 00 4.58 1.0 0.350E-01 0.06 5.222 . 00000E+00
0. 00 0.02 4.03 1.0 0.350E-01 0.06 5.222 . 25057E-02
0. 00 0.02 3.92 1.0 0.339E-01 0. 07 5.222 . 19297E- 01
0. 00 0.03 3.79 1.2 0.285E-01 0.08 4.973 . 42702E-01
0.01 0.03 3.69 1.4 0.250E-01 0.10 4. 359 . 66050E- 01
0.01 0. 04 3.56 1.6 0.219E-01 0.11 3. 807 . 97142E-01
0.01 0.04 3.44 1.8 0.195E-01 0.12 3. 376 . 13241E+00
0.01 0.04 3. 33 2.0 0.178E-01 0.14 3.075 . 16599E+00
0.02 0.05 3.20 2.2 0.162E-01 0.15 2.784 . 20909E+00
0. 02 0. 05 3. 08 2.4 0.149E-01 0.16 2. 540 . 25648E+00
0.03 0. 06 2.97 2.5 0.139E-01 0.18 2. 361 . 30053E+00
0. 04 0. 06 2.85 2.7 0.129E-01 0.19 2.180 . 35598E+00
0.04 0. 07 2.72 2.9 0.120E-01 0.20 2.023 . 41584E+00
0. 05 0. 07 2.62 3.1 0.114E-01 0. 22 1.903 . 47070E+00
0. 06 0.08 2.49 3.3 0.107E-01 0.23 1.779 . 53893E+00
0. 07 0.08 2.37 3.5 0.101E-01 0.24 1.668 . 61174E+00
0. 08 0.08 2.26 3.6 0.968E-02 0.26 1. 582 . 67788E+00
0. 09 0.09 2.13 3.8 0.920E-02 0.27 1.491 . 75945E+00
0.10 0. 09 2.01 4.0 0.877E-02 0. 29 1. 408 . 84586E+00
0.11 0.10 1.90 4.1 0.844E-02 0. 30 1.343 . 92385E+00
0.12 0.10 1.78 4.3 0.808E-02 0.31 1.272 . 10195E+01
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0.14 0.11 1.65 4.5 0. 776E-02 0. 33 1. 207 . 11203E+01
0. 15 0.11 1.55 4.7 0.750E-02 0. 34 1.155 . 12109E+01
0. 16 0.12 1.42 4.8 0.723E-02 0.35 1. 098 . 13216E+01
0. 18 0.12 1.30 5.0 0.697E-02 0. 37 1. 046 . 14379E+01
0. 20 0.13 1.19 5.2 0.677E-02 0. 38 1. 003 . 15421E+01
0.21 0.13 1. 07 5.3 0. 656E-02 0. 40 0. 956 . 16690E+01
0. 23 0.14 0. 95 5.5 0.635E-02 0.41 0.911 . 18021E+01
0. 25 0.14 0. 84 5.7 0.619E-02 0. 43 0. 875 . 19211E+01
0. 27 0.15 0.72 5.8 0.602E-02 0. 44 0. 835 . 20660E+01
0. 30 0.15 0.59 6.0 0. 586E-02 0. 46 0. 797 . 22176E+01
** CMC HAS BEEN FOUND **

The pol lutant concentration in the plume falls bel ow CMC val ue of 0.580E-02
in the current prediction interval.
This is the extent of the TOXI C DI LUTI ON ZONE
0. 32 0.16 0. 49 6.1 0.573E-02 0. 47 0. 766 . 23531E+01
Cunul ative travel time = 2. 3531 sec

END CF CORJET (MOD110): JET/ PLUVE NEAR- FI ELD M XI NG REG ON

BEG N MOD132: LAYER BOUNDARY | MPI NGEMENT/ UPSTREAM SPREADI NG

Vertical angle of |ayer/boundary inpingenent = -78.50 deg
Hori zontal angle of |ayer/boundary inpingenment = 13. 04 deg
UPSTREAM | NTRUSI ON PROPERTI ES:
Upstreamintrusion length = 10.46 m
X-position of upstream stagnation point = -10.15 m
Thi ckness in intrusion region = 0.24 m
Hal f -wi dt h at downstream end = 16.11 m
Thi ckness at downst ream end = 0.25 m
Control volune infl ow
X Y z S C B TT
0. 32 0.16 0.49 6.1 0.573E-02 0.47 .23531E+01

Profile definitions:

BV = top-hat thickness, neasured vertically
BH = top-hat half-w dth, neasured horizontally in Y-direction
ZU = upper plune boundary (Z-coordinate)
ZL = |l ower plunme boundary (Z-coordinate)
S = hydrodynani c average (bul k) dilution
C = average (bul k) concentration (includes reaction effects, if any)
TT = Cumul ative travel tine
X Y Z S C BV BH ZU ZL
TT
-10. 15 0.16 0.00 9915.9 0.000E+00 0.00 0.00 0. 00 0. 00
. 11740E+03

**WATER QUALI TY STANDARD OR CCC HAS BEEN FOUND**

The pol | utant concentration in the plunme falls bel ow water quality standard
or CCC value of 0.373E-02 in the current prediction interval.

This is the spatial extent of concentrations exceeding the water quality
standard or CCC val ue

-9.78 0.16 0. 00 25.8 0. 135E-02 0. 06 2.28 0. 06 0. 00
. 23531E+01

-7.96 0.16 0. 00 10. 7 0. 326E-02 0.13 5. 53 0. 13 0. 00
. 23531E+01
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-6.15 0.16 0. 00 8.1 0.431E-02 0. 18 7.49 0.18 0. 00
. 23531E+01

-4. 33 0. 16 0. 00 7.0 0.501E-02 0.21 9.03 0.21 0. 00
. 23531E+01
-2.52 0. 16 0. 00 6.4 0.546E-02 0. 23 10. 34 0.23 0. 00
. 23531E+01
-0.70 0. 16 0. 00 6.2 0.569E-02 0. 24 11. 50 0.24 0. 00
. 23531E+01
1.11 0. 16 0. 00 6.2 0.561E-02 0. 24 12.56 0.24 0. 00
. 12443E+02
2.93 0. 16 0. 00 7.5 0.467E-02 0. 24 13.53 0.24 0. 00
. 38682E+02
4.74 0. 16 0. 00 9.0 0.387E-02 0. 25 14. 44 0. 25 0. 00
. 64921E+02
6. 55 0.16 0. 00 9.9 0.352E-02 0. 25 15. 30 0. 25 0. 00
. 91160E+02
8. 37 0. 16 0. 00 10.3 0. 339E-02 0. 25 16. 11 0. 25 0. 00
.11740E+03
Cunul ative travel tinme = 117. 3987 sec

END OF MOD132: LAYER BOUNDARY | MPI NGEMENT/ UPSTREAM SPREADI NG

** End of NEAR-FIELD REG ON (NFR) **

In this design case, the discharge is | ocated CLOSE TO BANK/ SHORE.
Sone boundary interaction occurs at end of near-field.

This may be related to a design case with a very LOW AMBI ENT VELOCI TY.

The dilution values in one or nore of the precedi ng zones may be too high.
Carefully evaluate results in near-field and check degree of interaction.

Consi der locating outfall further away from bank or shore.
In the next prediction module, the plume centerline will be set
to foll ow t he bank/shore.

BEG N MOD141: BUOYANT AMBI ENT SPREADI NG

Plune is ATTACHED to RI GHT bank/ shor e.
Plune width is now determ ned from Rl GHT bank/ shore

Profile definitions:

BV = top-hat thickness, neasured vertically
BH = top-hat hal f-w dth, nmeasured horizontally in Y-direction
ZU = upper plunme boundary (Z-coordinate)
ZL = | ower plunme boundary (Z-coordinate)
S = hydrodynani c average (bul k) dilution
C = average (bul k) concentration (includes reaction effects, if any)
TT = Cumul ative travel tine
Pl une Stage 2 (bank attached):
X Y Z S C BV BH ZU ZL
TT
8. 37 -1.01 0. 00 10.3 0.339E-02 0.46 17.28 0. 46 0. 00
. 11740E+03
19.61 -1.01 0.00 11.6 0. 301E-02 0. 34 26.91 0. 34 0. 00
. 27785E+03
30. 85 -1.01 0. 00 12.7 0. 276E-02 0. 29 34.94 0. 29 0. 00
. 43831E+03
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42. 09 -1.01 0. 00 13. 8 0. 254E-02 0. 26 42.04 0. 26 0. 00
. 59877E+03

53.33 -1.01 0. 00 14.9 0. 235E-02 0. 25 48. 51 0.25 0. 00
. 75922E+03

64. 57 -1.01 0. 00 16.2 0. 216E-02 0.24 54.52 0.24 0. 00
. 91968E+03

75.81 -1.01 0. 00 17.7 0. 198E-02 0.24 60. 17 0.24 0. 00
. 10801E+04

87.05 -1.01 0. 00 19.4 0. 181E-02 0.24 65. 54 0.24 0. 00
. 12406E+04

** REGULATORY M XI NG ZONE BOUNDARY **
In this prediction interval the plunme DONMNSTREAM di stance neets or exceeds
the regulatory value = 91.44 m
This is the extent of the REGULATORY M XI NG ZONE.

88. 20 -1.01 0. 00 19.6 0.179E-02 0.24 66. 06 0.24 0. 00
Cunul ative travel time = 1256. 9954 sec

CORM X prediction has been TERM NATED at | ast prediction interval.
Limting time due to TI DAL REVERSAL has been reached.

END OF MOD141: BUOYANT AMBI ENT SPREADI NG

CORM X1: Single Port D scharges End of Prediction File
111221112222111222111222112222111222111122211122211122211112211122211122111122111111
1111111111111111
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CORM X SESSI ON REPORT:
OO0 000 00000.090.000.0.000.0000.000.0000000.000009.0.000.000.000.0.000.000.0.000.000.0000.000.000.64
CORM X M XI NG ZONE EXPERT SYSTEM
CORM X Version 6.0GT
HYDROL: Versi on-6.0. 0.0 Cctober, 2009

SI TE NAME/ LABEL: SI M
DESI GN CASE: JD289(2) 400GPMESt r at 2Fi nal 6. 0
FI LE NAME:

P-\M xing\Critical Di schargeScenari os\ V. 6. 0\ 400G°PMFi nal Ri ver\JD289(2)400GPM:Str a
t Final 6. OR. prd

Usi ng subsyst em CORM X1: Singl e Port Discharges

Start of session: 03/ 26/ 2010- - 14: 48: 14

R R Ik I R Ik Ok kR I Ik R R R Rk I b bk Sk R Rk Ik R bk kR SRRk kR ek S Rk

SUWMMARY OF | NPUT DATA:

AMBI ENT PARAMETERS:

Cross-section = bounded
W dt h BS = 158.50 m
Channel regularity | CHREG = 1
Ambi ent flowate QA = 72.52 m3/s
Aver age depth HA =6.54 m
Dept h at di scharge HD = 4.58 m
Dar cy- Wi sbach friction factor F = 0.0262
Cal cul ated from Manning's n = 0.025
Wnd velocity uw = 8.5 ns
TI DAL SI MULATI ON at tine Tsim = 0.7 hours
| nst ant aneous anbi ent velocity UA =0.07 ms
Maxi mum ti dal velocity UaMAX = 0.3 m's
Rate of tidal reversal dua/dt = 0.1 (ms)/hour
Peri od of reversal T = 12. 4 hours
Stratification Type STRCND = B
Surface density RHOAS = 1012 kg/ m3
Bottom density RHOAB = 1022 kg/nt3
Stratification height H NT = 2.58 m (pycnocline |evel)
Density bel ow pycnocline RHOAP = 1022 kg/ nt3
Dl SCHARGE PARAMETERS: Single Port Discharge
Near est bank = right
Di stance to bank DISTB = 1.01 m
Port di aneter DO = 0.1147 m
Port cross-sectional area A0 = 0.0103 nt2
Di scharge vel ocity wo =5.22 ms
D scharge flowate Q = 0.053935 m3/s
Di scharge port height HO = 4.58 m
Vertical discharge angle THETA = -87.97 deg
Hori zont al di scharge angl e SIGVA = 90 deg
Di scharge tenperature (freshwater) = 10 degC
Correspondi ng density RHOO = 999. 7019 kg/ m3
Density difference DRHO = 22.2981 kg/ m3
Buoyant accel eration GPO = 0.214 ms"2
Di scharge concentrati on Cco = 0.035 ny/|
Surface heat exchange coeff. KS =0 nls
Coefficient of decay KD =0/s
DI SCHARGE/ ENVI RONMENT LENGTH SCALES:
LQ =0.10 m Lm = 7.58 m Lb =33.64 m
LM = 3.60 m Lm = 1.66 m Lb' = 1.13 m
UNSTEADY Tl DAL SCALES:
Tu = 0.2452 hours Lu =21.64 m Lmin= 0.34 m
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NON- DI MENSI ONAL PARAMETERS:

Port densinetric Froude number FRO = 33.34
Vel ocity ratio R = 74.60
M XI NG ZONE / TOXI C DI LUTI ON ZONE / AREA OF | NTEREST PARAMETERS
Toxi ¢ di scharge = yes
CMC concentration CcMC = 0.0058 ny/|
CCC concentration CCcC = 0.00373 no/ |
Water quality standard specified = given by CCC val ue
Regul atory m xi ng zone = yes
Regul at ory m xi ng zone specification = di stance
Regul atory m xi ng zone val ue =91.44 m(m2 if area)
Regi on of interest = 35000 m

R R R I S R R R Ik Ok kR I IRk kI kR R R R Sk kb kR R Rk kb O R R ek R SRR e e Sk

HYDRCDYNAM C CLASSI FI CATI ON:
* *

| FLOWCLASS = 1V5

This flow configuration applies to a |layer corresponding to |lower stratified
density layer at the discharge site. The density junp at the pycnocline
confines the flowto the | ower |ayer.

Applicable layer depth = |lower |ayer depth = 2.00 m

R R IR I S R R R IRk Sk kR e R R Rk kS Rk kR R bk kR R Rk Sk Sk bk o Ok S R Rk S o O S

M XI NG ZONE EVALUATI ON (hydrodynam ¢ and regul atory sunmary):

X-Y-Z Coordi nate system

Oiginis located at the bottom bel ow the port center:
1.01 mfromthe right bank/shore
Nunber of display steps NSTEP = 30 per nodul e.

NEAR- FI ELD REG ON (NFR) CONDI Tl ONS :

Note: The NFR is the zone of strong initial mixing. It has no regulatory
implication. However, this information may be useful for the discharge
desi gner because the mixing in the NFRis usually sensitive to the
di scharge desi gn conditions.

Pol l utant concentration at NFR edge c¢ = 0.0034 ny/|
Dilution at edge of NFR s = 10.3
NFR Locati on: X = 8.37 m
(centerline coordinates) y =0.16 m
z=0m
NFR pl une di nensions: half-width (bh) = 16.11 m
thickness (bv) = 0.25 m

Cunul ative travel tine: 117. 3987 sec.

Buoyancy assessnent:
The effluent density is |less than the surroundi ng anbi ent water
density at the discharge |evel.
Therefore, the effluent is POSI TI VELY BUOYANT and will tend to rise towards
the surface.

Stratification assessnent:
The specified two | ayer anbient density stratification is dynanmically
i mportant. The discharge near field floww Il be confined to the | ower
| ayer by the anbient density stratification.
Furthernore, it is trapped at the pycnocline by the anbient density
j unp.

UPSTREAM | NTRUSI ON  SUMVARY:

Pl une exhibits upstreamintrusion due to | ow anbient velocity or strong
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di scharge buoyancy.

Intrusion length = 10.46 m

I ntrusion stagnati on point = -10.15 m
I ntrusion thickness = 0.24 m
Intrusion half width at inpingenent = 16.11 m
Intrusion half thickness at inpingenent = 0.25 m

PLUVE BANK CONTACT SUMVARY:
Pl une in bounded section contacts nearest bank at 8.37 m downstream
Pl une contacts second bank at 345.58 m downstream

UNSTEADY TI DAL ASSESSMENT:

Because of the unsteadi ness of the anbient current during the tidal
reversal, CORM X predictions have been TERM NATED at :

X = 88.20 m
y =-1.01 m
z =0 m

For this condition AFTER TI DAL REVERSAL, m xed water fromthe previous
hal f-cycl e becones re-entrained into the near field of the discharge,
i ncreasing pollutant concentrations conpared to steady-state predictions.
A pool of mxed water fornmed at slack tide will be advected downstream
in this phase.
ERE S S b S b b S b b S b b S I TOXI C u LLJTI O\l ZO\IE SUI\MRY R IR Sk b I S b b S b b S b b S
Recal | : The TDZ corresponds to the three (3) criteria issued in the USEPA
Techni cal Support Docunent (TSD) for Water Quality-based Toxics Control,
1991 ( EPA/ 505/ 2-90-001).

Criterion maxi mum concentration (CMC) = 0.0058 ng/l
Correspondi ng dilution = 6.034483
The CMC was encountered at the foll owing plune position:
Pl ume | ocati on: Xx = 0.30 m
(centerline coordinates) y =0.15 m
z =0.55m
Pl ue di mensi on: hal f-width (bh) = 0.04 m
t hi ckness (bv) = 0.04 m

Conput ed di stance from port opening to CMC | ocation = 4.04 m

CRITERION 1: This location is within 50 tines the discharge |ength scal e of
Lg = 0.10 m

+++++ The discharge | ength scale TEST for the TDZ has been SATI SFI ED. ++++++

Conput ed hori zontal distance fromport opening to CMC location = 0.34 m
CRITERION 2: This location is within 5 tinmes the anbi ent water depth of

HD = 4.58 m
++++++++++ The anbi ent depth TEST for the TDZ has been SATI SFI ED. ++++++++++

Conput ed di stance fromport opening to CMC location = 4.04 m
CRITERION 3: This location is within one tenth the distance of the extent
of the Regulatory M xing Zone of 91.56 min any
spatial direction fromthe port opening.
+++++ The Regul atory M xi ng Zone TEST for the TDZ has been SATI SFI ED. ++++++

The diffuser discharge velocity is equal to 5.22 nis.
Thi s exceeds the value of 3.0 mis recomended in the TSD.

*** Al three CMC criteria for the TDZ are SATISFIED for this discharge. ***
kkkkhkkkkhkkhkkkkhkkhkkhkkikhkkkkhkhk*k REGJLATmY M XI NG ZO\'E SUN'VAR kkkkhkkkkhkkikkkhkhkhkkkhkhkkikkkikhkkkk*%
The plunme conditions at the boundary of the specified RMZ are as foll ows:

Pol | utant concentrati on c = 0.001743 no/l
Correspondi ng dilution s = 20.1
Pl ume | ocati on: X =91.44 m
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(centerline coordi nates) y =-1.01 m
z=0m
Pl ume di nensi ons: hal f-wi dth (bh) = 67.56 m
t hi ckness (bv) = 0.25 m
Cunul ative travel tinme: 1303. 2467 sec.

At this position, the plume is CONTACTI NG the RI GHT bank.

Furthernore, the CCC for the toxic pollutant has indeed been net
within the RMZ. In particular:

The CCC was encountered at the foll owing plune position:

The CCC for the toxic pollutant was encountered at the foll ow ng
pl ume position:

CcC = 0.00373 ng/l
Correspondi ng dilution = 9.4
Pl une | ocati on: X =2.73 m
(centerline coordinates) y =0.16 m
z =0.27 m
Pl ume di nensi ons: hal f-width (bh) = 9.35 m
t hi ckness (bv) = 0.03 m

kkkhkkhkkhkkhkkhkkhkkhkkhkkkhkkhkkhkkkkhkhx Fl NAL msl G\l ADVI CE AND (:OVIVENTS kkkkkkhkkhkkhkkhkkikkhkkhkkikkhkkkhkkikhkkk

REM NDER: The user nust take note that HYDRODYNAM C MODELI NG by any known
techni que is NOT AN EXACT SClI ENCE.

Ext ensi ve conparison with field and | aboratory data has shown that the
CORM X predictions on dilutions and concentrations (with associated
pl ume geonetries) are reliable for the magjority of cases and are accurate
to within about +-50% (standard deviation).

As a further safeguard, CORM X will not give predictions whenever it judges
the design configuration as highly conplex and uncertain for prediction.
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CORM X3 PREDI CTI ON FI LE:
3333333333333333333333333333333333333333333333333333333333333333333333333333333

CORM X M XI NG ZONE EXPERT SYSTEM
Subsyst em CORM X3: Buoyant Surface Di scharges
CORM X Version 6.0GT
HYDRO3 Version 6.0.0.0 Cctober 2009

CASE DESCRI PTI ON

Site name/| abel : SI M

Desi gn case: JD289(2) 400GPMiISt rat Fi nal 6. 0

FI LE NAME: P:\...00GPMi nal Ri ver\JD289( 2) 400GPMISt r at Fi nal 6. OR. prd
Ti me stanp: Fri Mar 26 14:49:59 2010

ENVI RONVENT PARAMETERS (netric units)
Bounded secti on

BS = 158.50 AS = 1257.79 QA = 109.43 I CHREG= 1

HA = 7.94 HD = 5. 56

Tidal Sinmulation at TIME = 1.250 h

PERI OD= 12.40 h UAmax = 0. 300 dUa/dt= 0.070 (ms)/h

UA = 0.087 F = 0. 025 USTAR =0. 4824E-02

uw = 8. 500 UWBTAR=0. 1074E-01

Density stratified environment

STRCND= B RHOAM = 1018. 3648

RHOAS = 1012. 0000 RHOAB = 1022. 0000 RHOAEF= 1012.0000 E =0. 0000E+00
DRHQJ = 10. 0000 HINT = 3.54 ES =0. 2714E- 01

DI SCHARGE PARAMETERS (netric units)

BANK = RICGHT DI STB = 0.91 Configuration: protruding_di scharge
SI GVA = 90.00 HDO = 5.56 SLOPE = 0. 00 deg.

Circul ar di scharge pi pe:

DO = 0. 610 A0 = 0. 149

Di nensi ons of equival ent rectangul ar di schar ge:

BO = 0.479 HO = 0.610 A0 =0. 2919E+00 AR = 1.273
Reduced channel geonetry due to intrusion:

BO = 0.479 HO = 0.311 A0 =0. 1488E+00 AR = 0. 649
(Al relevant paraneters further bel ow are based on this geonetry.)

uo = 0.192 Q = 0. 029 =0. 2856E- 01

RHCO = 999.7019 DRHO =0.1230E+02 GPO  =0. 1192E+00

Cco =0. 1800E-01 CUNITS= ng/l

|POLL = 1 KS =0. 0000E+00 KD =0. 0000E+00
FLUX VARI ABLES (netric units)

Q =0. 2856E-01 M) =0. 5480E- 02 JO =0. 3403E- 02

Associ ated |l ength scal es (neters)

LQ = 0.39 LM = 0.35 Lm = 0.85 Lb = 5.14
Ti dal : Tu = 0.1619 h Lu = 6.569 Lmn = 0. 247

NON- DI MENSI ONAL  PARAVETERS

FRO = 0.90 FRCH = 1.00 R 2.21

FLOW CLASSI FI CATI ON
333333333333333333333333333333333333333333
3 Flow class (CORM X3) = PL1 3
3 Applicable layer depth HS = 2.02 3
333333333333333333333333333333333333333333
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M XING ZONE / TOXIC DI LUTI ON / REG ON OF | NTEREST PARAMETERS

Cco =0. 1800E-01 CUNITS= ny/l

NTOX = 1 CMC  =0.5800E-02 CCC = CSTD

NSTD = 1 CSTD =0. 3730E-02

REGW = 1

REGSPC= 1 XREG = 91.44 WREG = 0.00 AREG = 0. 00
XINT = 3500. 00 XMAX = 3500. 00

X-Y-Z COORDI NATE SYSTEM
ORIA N is |located at the WATER SURFACE and at center of discharge
channel /out | et : 0.91 m fromthe RI GHT bank/shore.
X-axi s points downstream
Y-axis points to left as seen by an observer | ooki ng downstream
Z-axis points vertically upward (in CORM X3, all values Z = 0.00)
NSTEP = 30 display intervals per nodul e

BEG N MOD301: DI SCHARGE MODULE

Ef fl ux conditions:
X Y 4 S C BV BH TT
0.00 0.00 0. 00 1.0 0.180E-01 0.31 0. 24 . 00000E+00

END OF MOD301: DI SCHARGE MODULE

BEG N MOD302: ZONE OF FLOW ESTABLI SHVENT

Control vol une infl ow
X Y Y4 S C BV BH TT
0.00 0.00 0. 00 1.0 0.180E-01 0.31 0. 24 . 00000E+00

Profile definitions:
BV = Gaussian 1/e (379% vertical thickness

BH = Gaussian 1/e (37% horizontal half-width, normal to trajectory
S = hydrodynanic centerline dilution
C = centerline concentration (includes reaction efects, if any)
TT = Curmul ative travel tine

Control vol une outfl ow S| GVAE= 86. 55

X Y VA S C BV BH T

0.02 0. 36 0. 00 1.0 0.180E-01 0.18 0.43 .18946E+01
Cunmul ative travel time = 1. 8946 sec

END OF MOD302: ZONE OF FLOW ESTABLI SHVENT

BEG N MOD331: UPSTREAM | NTRUDI NG PLUME
Control vol une infl ow
X Y 4 S C BV BH TT
0.02 0. 36 0. 00 1.0 0.180E-01 0. 18 0. 43 . 18946E+01
UPSTREAM | NTRUSI ON PROPERTI ES:
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Upstreamintrusion | ength = 2.81 m
X-position of upstream stagnation point = -2.81 m
Thi ckness in intrusion region = 0.07 m
Hal f -wi dt h at downstream end = 6.28 m
Thi ckness at downstream end = 0.07 m

Profile definitions:

BV = top-hat thickness, neasured vertically
BH = top-hat hal f-wi dth, nmeasured horizontally from bank/shoreline
S = hydrodynam c average (bul k) dilution
C = average (bul k) concentration (includes reaction effects, if any)
TT = Cumul ative travel time
X Y z S C BV BH TT
-2.81 0.00 0.00 9614.2 0.000E+00 0.00 0. 00 . 18946E+01

** CMC HAS BEEN FOUND **

The pol lutant concentration in the plume falls bel ow CMC val ue of 0.580E-02
in the current prediction interval.

This is the extent of the TOXI C DI LUTI ON ZONE

-2.64 0. 00 0. 00 3.2 0.571E-02 0.02 0. 89 .18946E+01
-1.81 0. 00 0. 00 1.3 0.134E-01 0. 05 2.16 .18946E+01
-0.99 0. 00 0. 00 1.1 0.168E-01 0. 07 2.92 .18946E+01
-0.16 0. 00 0. 00 1.0 0.180E-01 0. 07 3.52 .18946E+01
0. 66 0. 00 0. 00 1.0 0.178E-01 0. 07 4.03 .92617E+01
1.49 0. 00 0. 00 1.1 0.168E-01 0. 07 4.48 . 18753E+02
2.31 0. 00 0. 00 1.2 0.155E-01 0. 07 4.89 .28244E+02
3.14 0. 00 0. 00 1.2 0.146E-01 0. 07 5.27 .37735E+02
3.97 0. 00 0. 00 1.3 0.141E-01 0. 07 5.63 .47226E+02
4.79 0. 00 0. 00 1.3 0.139E-01 0. 07 5.96 .56717E+02
5.62 0. 00 0. 00 1.3 0.139E-01 0. 07 6.28 .66208E+02
Cunul ative travel tinme = 66. 2075 sec

END OF MOD331: UPSTREAM | NTRUDI NG PLUME

BEG N MOD341: BUOYANT AMBI ENT SPREADI NG

Because of the WEAK VERTI CAL M XING the surface plune in the far-field
will be vertically limted WTH N THE UPPER LAYER of the anbi ent
stratification.

Profile definitions:
BV = top-hat thickness, neasured vertically

BH = top-hat hal f-wi dth, nmeasured horizontally from bank/shoreline
S = hydrodynani c average (bul k) dilution
C = average (bul k) concentration (includes reaction effects, if any)
TT = Cunul ative travel tine
Plume Stage 2 (bank attached):
X Y Z S C BV BH TT
5. 62 -0.91 0. 00 1.3 0.139E-01 0.07 6. 28 .66208E+02
33.76 -0.91 0. 00 2.4 0.756E-02 0.06 18. 40 . 38959E+03

** WATER QUALI TY STANDARD OR CCC HAS BEEN FOUND **
The pol lutant concentration in the plune falls bel ow water quality standard
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or CCC value of 0.373E-02 in the current prediction interval.
This is the spatial extent of concentrations exceeding the water quality
standard or CCC val ue.
61. 90 -0.91 0. 00 4.9 0. 368E-02 0.10 27.07 .71297E+03
90. 04 -0.91 0. 00 9.0 0.199E-02 0.15 34.61 .10364E+04
** REGULATORY M XI NG ZONE BOUNDARY **
In this prediction interval the plunme DOANSTREAM di st ance neets or exceeds

the regul atory value = 91.44 m

This is the extent of the REGULATORY M XI NG ZONE.
118. 18 -0.91 0. 00 15.1 0. 120E-02 0. 23 41.50 . 13597E+04
146. 32 -0.91 0. 00 23.3 0. 773E-03 0.31 47.91 . 16831E+04
154. 52 -0.91 0. 00 26.4 0. 701E-03 0. 34 49. 68

Cunul ative travel time = 1777. 3157 sec

CORM X prediction has been TERM NATED at |ast prediction interval.
Limting distance due to Tl DAL REVERSAL has been reached.

END OF MOD341: BUOYANT AMBI ENT SPREADI NG

CORM X3: Buoyant Surface D scharges End of Prediction File
3333333333333333333333333333333333333333333333333333333333333333333333333333333
3
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CORM X SESSI ON REPORT:
OO0 000 00000.090.000.0.000.0000.000.0000000.000009.0.000.000.000.0.000.000.0.000.000.0000.000.000.64
CORM X M XI NG ZONE EXPERT SYSTEM
CORM X Version 6.0GT
HYDRO3: Versi on-6.0. 0.0 Cctober, 2009

SI TE NAME/ LABEL: SI M
DESI GN CASE: JD289(2) 400GPMISt r at Fi nal 6. 0
FI LE NAME:

P-\M xing\Critical Di schargeScenari os\ V. 6. 0\ 400GPMFi nal Ri ver\ JD289(2) 400GPMISt r a
t Final 6. OR. prd

Usi ng subsyst em CORM X3: Buoyant Surface Di scharges

Start of session: 03/ 26/ 2010- - 14: 49: 59

R R Ik I R Ik Ok kR I Ik R R R Rk I b bk Sk R Rk Ik R bk kR SRRk kR ek S Rk

SUWMMARY OF | NPUT DATA:

AMBI ENT PARAMETERS:

Cross-section = bounded
W dt h BS = 158.50 m
Channel regularity | CHREG = 1
Ambi ent flowate QA = 109.43 m\3/s
Aver age depth HA =7.94 m
Dept h at di scharge HD =556 m
Dar cy- Wi sbach friction factor F = 0. 0246
Cal cul ated from Manning's n = 0.025

Wnd velocity uw = 8.5 ns

TI DAL SI MULATI ON at tine Tsim = 1.25 hours
| nst ant aneous anbi ent velocity UA = 0.087 ms
Maxi mum ti dal velocity UaMAX = 0.3 m's

Rate of tidal reversal dupa/dt = 0.0696 (m s)/ hour
Period of reversal T = 12. 4 hours
Stratification Type STRCND = B
Surface density RHOAS = 1012 kg/ m3
Bottom density RHOAB = 1022 kg/nt3
Stratification height H NT = 3.54 m (pycnocline |evel)
Density bel ow pycnocline RHOAP = 1022 kg/ nt3

Dl SCHARGE PARAMETERS: Surface Discharge

D scharge | ocated on
Di scharge configuration

ri ght bank/shoreline
protrudi ng di scharge

Di stance from bank to outl et DISTB = 0.91 m
D scharge angl e SIGVA = 90 deg
Dept h near di scharge outl et HDO =556 m
Bott om sl ope at di scharge SLOPE = 0 deg
Crcul ar pipe dianeter = 0.6096 m
Equi val ent rectangul ar di scharge:
Di scharge cross-section area A0 = 0.291864 m2
Di scharge channel width BO = 0.478779 m
Di scharge channel depth HO = 0.6096 m
Di scharge aspect ratio AR = 1.273240
Reduced di scharge channel due to intrusion:
Cross-section area A0 = 0.1488 nt2
Channel wi dth BO = 0.4788 m
Channel depth HO =0.31m
Aspect ratio AR = 0.65
D scharge flowate Q = 0.028558 m3/s
Di scharge vel ocity uwo =0.19 ms
Di scharge tenperature (freshwater) = 10 degC
Correspondi ng density RHOO = 999.7019 kg/ m3
Density difference DRHO = 12.2981 kg/ m'3
Buoyant accel erati on GPO = 0.1192 nls"2

JD289(2)400GPMdStratFinal6.0R.ses.docx Page 1 of 4



D scharge concentration Co = 0.018 no/l
Surface heat exchange coeff. KS =0 nls
Coefficient of decay KD =0/s

DI SCHARGE/ ENVI RONVENT LENGTH SCALES:
LQ =0.39 m Lm = 0.85 m Lbb = 5.14 m
LM = 0.35m

UNSTEADY TI DAL SCALES:
Tu = 0.1619 hours Lu =6.57 m Lmin= 0.25 m

NON- DI MENSI ONAL PARAMETERS:

Densi netri c Froude nunber FRO = 0.90 (based on LQ
Channel densinetric Froude no. FRCH = 1 (based on HO)
Vel ocity ratio R =2.21

M XI NG ZONE / TOXI C DI LUTI ON ZONE / AREA OF | NTEREST PARAMETERS:
Toxi ¢ di scharge = yes
CMC concentration cMC = 0.0058 ny/|
CCC concentration CcC = 0.00373 ny/ |
Water quality standard specified = given by CCC val ue
Regul atory m xi ng zone = yes
Regul atory m xi ng zone specification = di stance
Regul atory m xi ng zone val ue =91.44 m(m2 if area)
Regi on of interest = 3500 m

R R R o S Rk R Ik Ok kR ARk R R Rk kR Rk Ik Rk kR Ik R R R Rk Sk kR R Ak Sk R

HYDRODYNAM C CLASSI FI CATI ON:
*

| FLOWCLASS = PL1 |

R R IR I o S R R R IRk Sk kR e R R Rk kR Rk kS R Rk kR ok Sk kR Rk Ik kR e S Rk

M XI NG ZONE EVALUATI ON (hydrodynam ¢ and regul atory sumary):

X-Y-Z Coordi nate system
Oiginis located at water surface and at centerline of discharge channel:
0.91 mfromthe right bank/shore.
Nurber of display steps NSTEP = 30 per nodul e.

NEAR- FI ELD REA ON (NFR) CONDI TI ONS :

Note: The NFR is the zone of strong initial mxing. 1t has no regul atory
inmplication. However, this information may be useful for the discharge
desi gner because the mixing in the NFRis usually sensitive to the
di scharge desi gn conditions.

Pol l utant concentration at NFR edge c¢ = 0.0128 ny/|
Dilution at edge of NFR s =1.4
NFR Locati on: X =5.62 m
(centerline coordinates) y =0 m
z=0m
NFR pl une di mensions: half-width (bh) = 6.28 m
t hi ckness (bv) = 0.07 m

Cunul ative travel tine: 66. 2075 sec.
Buoyancy assessnent:
The effluent density is |ess than the surroundi ng anbi ent water
density at the discharge |evel.
Therefore, the effluent is POSI TI VELY BUOYANT and will tend to rise towards
the surface.
Stratification assessnent:
Due to WEAK VERTICAL M XING the surface plune will be confined to
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t he upper | ayer above the pycnoclinel

PLUVE BANK CONTACT SUMVARY:
Pl une in bounded section contacts nearest bank at -2.81 m downstream
Pl une contacts second bank at 849.86 m downstream

UNSTEADY TI DAL ASSESSMENT:

Because of the unsteadi ness of the anbient current during the tidal
reversal, CORM X predictions have been TERM NATED at :

X = 154.52 m
y =-0.91m
z =0 m

For this condition AFTER Tl DAL REVERSAL, m xed water fromthe previous
hal f-cycl e becones re-entrained into the near field of the discharge,
i ncreasing pollutant concentrations conpared to steady-state predictions.
A pool of mixed water formed at slack tide will be advected downstream
in this phase.
IR I Sk b S S b S b b S b b S I TOXI C u LLJTI O\l ZO\'E SUMVARY IR IR I b I b b S S b I b S S R
Recal | : The TDZ corresponds to the three (3) criteria issued in the USEPA
Techni cal Support Docunent (TSD) for Water Quality-based Toxics Control,
1991 ( EPA/ 505/ 2-90-001).

Criterion maxi mum concentration (CMC) = 0.0058 ng/l
Correspondi ng dilution = 3.103448
The CMC was encountered at the follow ng plune position:
Pl ume | ocati on: X = -2.58 m
(centerline coordinates) y = 0.00 m
z=0m
Pl ume di nensi on: hal f-width (bh) = 0.92 m
t hi ckness (bv) = 0.02 m

Conput ed di stance fromport opening to CMC location = 2.58 m

CRITERION 1: This location is within 50 tinmes the discharge I ength scale of
Lg = 0.39 m

+++++ The di scharge length scale TEST for the TDZ has been SATI SFl ED. ++++++

Conput ed hori zontal distance fromport opening to CMC location = 2.58 m
CRITERION 2: This location is within 5 tinmes the anbi ent water depth of

HD = 5.56 m
++++++++++ The anbi ent depth TEST for the TDZ has been SATI SFI ED. ++++++++++

Comput ed di stance from port opening to CMC location = 2.58 m
CRITERION 3: This location is within one tenth the distance of the extent
of the Regulatory M xing Zone of 91.44 min any
spatial direction fromthe port opening.
+++++ The Regul atory M xing Zone TEST for the TDZ has been SATI SFlI ED. ++++++

The diffuser discharge velocity is equal to 0.19 nis.
This is below the value of 3.0 nis recommended in the TSD.

*** Al three CMC criteria for the TDZ are SATISFIED for this discharge. ***
kkkhkkhkkkkhkhkkkhkhkkkhkhkkkkhkhk*k RE&JLATmY M XI I\IG ZG\'E SUNIVARY kkkkhkkkkhkhkkkkhkhkkkkhkkikkkkikhkhkkk*k
The plunme conditions at the boundary of the specified RVZ are as foll ows:

Pol | utant concentrati on c = 0.001941 ng/l
Correspondi ng dilution s =9.3
Pl une | ocati on: X =91.44 m
(centerline coordinates) y =-0.91 m
z=0m
Pl ure di mensi ons: hal f-width (bh) = 34.97 m
thi ckness (bv) = 0.16 m
Cunul ative travel tine: 1052. 4203 sec.
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At this position, the plume is CONTACTI NG the RI GHT bank.

Furthernore, the CCC for the toxic pollutant has indeed been net
within the RMZ. In particul ar:

The CCC was encountered at the follow ng plune position:

The CCC for the toxic pollutant was encountered at the foll ow ng
pl ume position:

CcC = 0.00373 ng/l
Correspondi ng dilution = 4.8
Pl unme | ocati on: X = 61.40 m
(centerline coordi nates) y =-0.91m
z=0m
Pl une di nmensi ons: hal f-wi dth (bh) = 26.93 m
t hi ckness (bv) = 0.10 m

R R b b S b b S S b b S b b S FI,\IAL [ESIG\] ADVICE AND COV'VENTS R R S b S S b b S b b S S b b S
| NTRUSI ON OF AMBI ENT WATER into the discharge opening will occur!

For the present discharge/environnment conditions the discharge densinetric
Froude nunber is well below unity. This is an UNDESI RABLE operating condition.

To prevent intrusion, change the di scharge paraneters (e.g. decrease the
di scharge opening area) in order to increase the discharge Froude nunber.

In a future iteration, change the discharge paraneters (e.g. decrease port

diameter) in order to increase the Froude nunber.

REM NDER:  The user nust take note that HYDRODYNAM C MODELI NG by any known
techni que is NOT AN EXACT SCl ENCE.

Ext ensive conparison with field and | aboratory data has shown that the
CORM X predictions on dilutions and concentrations (with associated
pl ume geonetries) are reliable for the nmajority of cases and are accurate
to within about +-50% (standard devi ation).

As a further safeguard, CORM X will not give predictions whenever it judges
t he design configuration as highly conpl ex and uncertain for prediction.
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CORM X1 PREDI CTI ON FI LE:
1112211112222111222111222112222111222111222111222111222111122111222111221111221111121
11111111112111111
CORM X M XI NG ZONE EXPERT SYSTEM
Subsystem CORM X1: Single Port Discharges
CORM X Version 6.0GT
HYDROL Version 6.0.0.0 Cctober 2009

CASE DESCRI PTI ON

Site name/l abel : SI M

Desi gn case: JD300400GPMR6. O

FI LE NAME: P:\...\V.6.0\400GPMFi nal Ri ver\ JD300400GPMaFi nal 6. OR. prd
Ti me stanp: Fri Mar 26 14:51:52 2010

ENVI RONVENT PARAMETERS (metric units)
Bounded secti on

BS = 158.50 AS = 829.96 (A = 95.45 ICHREG= 1

HA = 5.24 HD = 3. 67

Tidal Sinmulation at TIME = -1.500 h

PERI OD= 12.40 h UAmex = 0. 359 dUa/dt= 0.077 (ms)/h

UA = 0.115 F = 0. 028 USTAR =0. 6834E- 02

uw = 8. 500 UWBTAR=0. 1074E- 01

Density stratified environment

STRCND= B RHOAM = 1008. 2144

RHOAS = 1001. 0000 RHOAB = 1019. 0000 RHOAHO= 1019.0000 E =0. 0000E+00
DRHQJ = 18. 0000 HINT = 1.47 ES =0. 1179E+00

DI SCHARGE PARAMETERS (netric units)
Above Surface Di scharge:
Re- conput ed di scharge conditions at entry point at water surface.

BANK = RIGHT DI STB = 0. 99

DO = 0.071 A0 = 0. 004 HO = 3.67 SUBO = 0. 00

THETA = 0.00 SIGWA = 90. 00

uo = 7.262 Q = 0. 029 =0. 2856E- 01

RHOO = 999.7019 DRHO =0.1930E+02 GPO  =0. 1857E+00

0 =0. 1370E+00 CUNITS= nu/l

IPOLL = 1 KS =0. 0O000E+00 KD =0. 0O000E+00

FLUX VARI ABLES (netric units)

Q =0. 2856E-01 M =0. 2074E+00 JO =0. 5304E- 02 SIG\NJO= 1.0

Associ ated I ength scales (neters)

LQ = 0.06 LM = 4.22 Lm = 3.96 Lb = 3.49
Lmp = 1.15 Lbp = 0. 60

Ti dal : Tu = 0.2782 h Lu = 21.354 Lmin = 0.175

NON- DI MENSI ONAL  PARAMETERS
FRO = 63.35 R = 63. 15

FLOW CLASSI FI CATI ON
11122111122211112211122211112211117221111212111
1 Flow class (CORM X1) = I V5 1
1 Applicable |ayer depth HS = 2.20 1
111221111221111712221112221111222111171221111212111

M XI NG ZONE / TOXIC DI LUTI ON / REG ON OF | NTEREST PARAMETERS
Cco =0. 1370E+00 CUNITS= nyg/l
NTOX = 1 CMC =0.5800E-02 cCCcC = CSTD
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NSTD = 1 CSTD =0. 3730E-02

REGWE = 1

REGSPC= 1 XREG = 91.44 WREG = 0.00 AREG = 0. 00
XINT = 3500. 00 XMAX = 3500. 00

X-Y-Z COCRDI NATE SYSTEM
OCRIAN is located at the bottom and bel ow the center of the port:
0.99 m fromthe RI GHT bank/shore
X-axis points downstream Y-axis points to left, Z-axis points upward.
NSTEP = 30 display intervals per nodul e

BEG N MOD101: DI SCHARGE MODULE

X Y Z S C B Uc 1T
0. 00 0. 00 3. 67 1.0 0.137E+00 0.04 7.262 . 00000E+00

END OF MOD101: DI SCHARGE MODULE

BEG N CORJET (MOD110): JET/ PLUVME NEAR-FI ELD M XI NG REG ON
Jet/plune transition notion in weak crossfl ow.

Zone of flow establishnent: THETAE= -89.14 Sl GVAE= 64. 04
LE = 0.34 XE = 0.00 VYE = 0.00 ZE = 3.33

Profile definitions:

B = Gaussian 1l/e (37% half-width, normal to trajectory

S = hydrodynani c centerline dilution

C = centerline concentration (includes reaction effects, if any)

Uc = Local centerline excess velocity (above anbient)

TT = Currul ative travel tine
X Y Z S C B Uc T

0. 00 0. 00 3. 67 1.0 0. 137E+00 0.04 7.262 . 0O0000E+00
0. 00 0.00 3.33 1.0 0.137E+00 0.04 7.262 . 15186E-02
0. 00 0.01 3.24 1.1 0.124E+00 0.05 7.262 .12047E- 01
0. 00 0.01 3.14 1.4 0.996E-01 0.06 6. 215 . 27404E-01
0.01 0.01 3.05 1.6 0.852E-01 0. 07 5.311 .43210E-01
0.01 0.01 2.94 1.9 0.729E-01 0.08 4.537 . 64748E- 01
0.01 0.01 2.84 2.2 0.637E-01 0.09 3. 957 . 89636E-01
0. 02 0.01 2.75 2.4 0.575E-01 0.10 3. 563 . 11365E+00
0.02 0.01 2.64 2.7 0.516E-01 0.11 3.190 . 14482E+00
0. 03 0.02 2.54 2.9 0.467E-01 0.12 2. 885 . 17940E+00
0.04 0.02 2. 45 3.2 0.433E-01 0.13 2.664 . 21179E+00
0. 05 0.02 2.35 3.4 0.398E-01 0.15 2.444 . 25280E+00
0. 06 0.02 2.24 3.7 0.369E-01 0.16 2. 255 . 29733E+00
0. 07 0.02 2.14 4.0 0.343E-01 0. 17 2.090 . 34541E+00
0. 08 0.02 2.05 4.2 0.324E-01 0.18 1. 966 . 38948E+00
0. 09 0.02 1.95 4.5 0.304E-01 0.19 1.836 . 44428E+00
0.10 0.02 1.84 4.8 0.286E-01 0. 20 1.720 . 50277E+00
0.11 0.03 1.76 5.0 0.272E-01 0.22 1.631 . 55589E+00
0.13 0.03 1. 65 5.3 0.257E-01 0.23 1.535 . 62140E+00
0. 15 0.03 1.55 5.6 0.244E-01 0. 24 1.449 . 69077E+00
0. 16 0.03 1.46 5.9 0.234E-01 0. 25 1.381 . 75338E+00
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0.18 0. 03 1.36 6.2 0.223E-01 0. 26 1. 307 . 83014E+00
0. 20 0. 03 1.27 6.4 0.214E-01 0. 27 1. 249 . 89920E+00
0. 22 0. 03 1.17 6.7 0.204E-01 0. 29 1.185 . 98364E+00
0. 24 0. 04 1.07 7.0 0.196E-01 0. 30 1.126 . 10723E+01
0. 26 0. 04 0. 98 7.3 0.189E-01 0.31 1.079 . 11519E+01
0. 29 0. 04 0. 88 7.6 0.181E-01 0. 33 1.027 . 12488E+01
0.31 0. 04 0.78 7.9 0.174E-01 0. 34 0.978 . 13503E+01
0. 34 0. 04 0. 69 8.1 0.168E-01 0. 35 0. 938 . 14410E+01
0. 37 0. 04 0. 59 8.5 0.162E-01 0. 37 0. 895 . 15514E+01
0. 40 0. 04 0. 49 8.8 0. 156E-01 0. 38 0. 853 . 16667E+01
0. 42 0. 05 0.41 9.1 0.151E-01 0. 39 0. 820 . 17696E+01
Cunul ative travel time = 1.7696 sec

END OF CORJET (MOD110): JET/ PLUME NEAR- FI ELD M XI NG REG ON

BEG N MOD132: LAYER BOUNDARY | MPI NGEMENT/ UPSTREAM SPREADI NG

Vertical angle of |ayer/boundary inpi ngenent = -71.87 deg
Hori zontal angle of |ayer/boundary inpingenent = 2.64 deg
UPSTREAM | NTRUSI ON PROPERTI ES:
Upstreamintrusion length = 2.39 m
X-position of upstream stagnation point = -1.96 m
Thi ckness in intrusion region = 0.49 m
Hal f -wi dth at downstream end = 3.90 m
Thi ckness at downstream end = 0.49 m
Control volune infl ow
X Y z S C B TT
0. 42 0. 05 0.41 9.1 0.151E-01 0.39 .17696E+01

Profile definitions:

BV = top-hat thickness, neasured vertically
BH = top-hat hal f-w dth, nmeasured horizontally in Y-direction
ZU = upper plunme boundary (Z-coordinate)
ZL = |l ower plunme boundary (Z-coordinate)
S = hydrodynani c average (bul k) dilution
C = average (bul k) concentration (includes reaction effects, if any)
TT = Cumul ative travel tine
X Y z S C BV BH ZU ZL
TT
-1.96 0. 05 0.00 9997.9 0.000E+00 0.00 0. 00 0. 00 0. 00
. 18715E+02

** CMC HAS BEEN FOUND **

The pol | utant concentration in the plume falls bel ow CMC val ue of 0.580E-02
in the current prediction interval.

This is the extent of the TOXI C DI LUTI ON ZONE

**WATER QUALI TY STANDARD OR CCC HAS BEEN FOUND**

The pol lutant concentration in the plune falls bel ow water quality standard
or CCC value of 0.373E-02 in the current prediction interval

This is the spatial extent of concentrations exceeding the water quality
standard or CCC val ue.

-1.88 0. 05 0. 00 39.0 0.351E-02 0.11 0. 55 0.11 0. 00
. 17696E+01

-1.45 0. 05 0. 00 16.2 0. 846E-02 0.28 1.34 0. 28 0. 00
. 17696E+01

JD300400GPMaFinal6.0R.PRD.docx Page 3 of 5



-1.03 0. 05 0. 00 12.2 0.112E-01 0. 36 1.81 0. 36 0. 00
. 17696E+01

-0.60 0. 05 0. 00 10.5 0.131E-01 0. 43 2.18 0.43 0. 00
. 17696E+01
-0. 18 0. 05 0. 00 9.6 0.143E-01 0. 47 2.50 0. 47 0. 00
. 17696E+01
0. 25 0. 05 0. 00 9.2 0.150E-01 0. 49 2.78 0. 49 0. 00
. 17696E+01
0. 67 0. 05 0. 00 9.2 0.149E-01 0. 49 3.04 0. 49 0. 00
. 28521E+01
1.10 0. 05 0. 00 11.0 0. 125E-01 0. 49 3.27 0. 49 0. 00
. 68177E+01
1.52 0. 05 0. 00 13.4 0. 102E-01 0. 49 3.49 0. 49 0. 00
. 10783E+02
1.95 0. 05 0. 00 14.8 0.925E-02 0. 49 3.70 0. 49 0. 00
. 14749E+02
2. 37 0. 05 0. 00 15.4 0. 889E-02 0. 49 3.90 0. 49 0. 00
. 18715E+02
Cunul ative travel tinme = 18. 7147 sec

END OF MOD132: LAYER BOUNDARY | MPI NGEMENT/ UPSTREAM SPREADI NG

** End of NEAR-FIELD REG ON (NFR) **

In this design case, the discharge is | ocated CLOSE TO BANK/ SHORE.
Sone boundary interaction occurs at end of near-field.

This may be related to a design case with a very LOW AMBI ENT VELOCI TY.

The dilution values in one or nore of the precedi ng zones may be too high.
Carefully evaluate results in near-field and check degree of interaction.

Consi der locating outfall further away from bank or shore.
In the next prediction nodule, the plume centerline will be set
to foll ow t he bank/shore.

BEG N MOD141: BUOYANT AMBI ENT SPREADI NG

Pl une is ATTACHED to RI GHT bank/ shor e.
Plune width is now determ ned from Rl GHT bank/ shor e.

Profile definitions:

BV = top-hat thickness, neasured vertically
BH = top-hat hal f-w dth, nmeasured horizontally in Y-direction
ZU = upper plunme boundary (Z-coordinate)
ZL = | ower plunme boundary (Z-coordinate)
S = hydrodynani c average (bul k) dilution
C = average (bul k) concentration (includes reaction effects, if any)
TT = Curul ative travel tine
Pl une Stage 2 (bank attached):
X Y Z S C BV BH ZU ZL
TT
2.37 -0.99 0. 00 15.4 0.889E-02 0.78 4.93 0.78 0. 00
. 18715E+02
22.52 -0.99 0. 00 20.5 0.670E-02 0.37 13. 67 0. 37 0. 00
. 19385E+03
42. 66 -0.99 0. 00 24.1 0.567E-02 0.30 20. 05 0. 30 0. 00
. 36898E+03
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62. 81 -0.99 0. 00 28.5 0.480E-02 0.28 25. 48 0.28 0. 00
. 54411E+03
82. 96 -0.99 0. 00 34.2 0.401E-02 0.28 30. 36 0. 28 0. 00
. 71925E+03
** REGULATORY M XI NG ZONE BOUNDARY **
In this prediction interval the plunme DONMNSTREAM di stance nmeets or exceeds

the regul atory val ue = 91.44 m
This is the extent of the REGULATORY M XI NG ZONE

103. 10 -0.99 0. 00 41.2 0.332E-02 0. 30 34. 85 0. 30 0. 00
. 89438E+03

123. 25 -0.99 0. 00 49.9 0. 275E-02 0. 32 39. 06 0. 32 0. 00
. 10695E+04

143. 40 -0.99 0. 00 60.3 0. 227E-02 0. 35 43. 05 0. 35 0. 00
. 12446E+04

163. 54 -0.99 0. 00 72.6 0.189E-02 0. 39 46. 87 0. 39 0. 00
. 14198E+04

183. 69 -0.99 0. 00 86.8 0. 158E-02 0. 43 50. 54 0.43 0. 00
. 15949E+04

203. 84 -0.99 0. 00 103.0 0.133E-02 0. 48 54. 08 0. 48 0. 00
. 17700E+04

223. 98 -0.99 0. 00 121.4 0.113E-02 0. 54 57.52 0.54 0. 00
. 19452E+04

244. 13 -0.99 0. 00 141.9 0. 966E-03 0. 59 60. 86 0.59 0. 00
. 21203E+04

264. 27 -0.99 0. 00 164. 6 0. 832E-03 0. 65 64. 12 0. 65 0. 00
. 22954E+04

284. 42 -0.99 0. 00 189.6 0. 723E-03 0.72 67. 30 0.72 0. 00
. 24706E+04

304. 57 -0.99 0. 00 217.0 0.631E-03 0.79 70. 41 0.79 0. 00
. 26457E+04

324.71 -0.99 0. 00 246.7 0.555E-03 0. 86 73. 46 0. 86 0. 00
. 28208E+04

325. 65 -0.99 0. 00 248.2 0.552E-03 0. 86 73. 60 0. 86 0. 00
Cunul ative travel tine = 2828. 9495 sec

CORM X prediction has been TERM NATED at |ast prediction interval.
Limting distance due to Tl DAL REVERSAL has been reached.

END OF MOD141: BUOYANT AMBI ENT SPREADI NG

CORM X1: Single Port Discharges End of Prediction File
111111111121121111111211111111121111112111111111111111121111111111111111111111111111
111111111112111111
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CORM X SESSI ON REPORT:
OO0 000 00000.090.000.0.000.0000.000.0000000.000009.0.000.000.000.0.000.000.0.000.000.0000.000.000.64
CORM X M XI NG ZONE EXPERT SYSTEM
CORM X Version 6.0GT
HYDROL: Versi on-6.0. 0.0 Cctober, 2009

S| TE NAME/ LABEL: SIM

DESI GN CASE: JD300400GPMa6. 0

FI LE NAME:
P:\M xing\Critical Di schargeScenari os\ V. 6. 0\ 400G°PMFi nal Ri ver\ JD300400GPMaFi nal 6.
OR prd

Usi ng subsyst em CORM X1: Singl e Port Discharges

Start of session: 03/ 26/ 2010- - 14: 51: 52

R R R I Sk I S R R R Ik kR R SRR R Rk kS R RO Rk Sk kb R R Rk kR I R Ak Sk e O O

SUWMMARY OF | NPUT DATA:

AMBI ENT PARAMETERS:

Cross-section = bounded
Wdt h BS = 158.50 m
Channel regularity | CHREG = 1
Ambi ent flowate QA = 95.45 m*3/s
Aver age depth HA =524 m
Dept h at di scharge HD = 3.67 m
Dar cy- Wi sbach friction factor F = 0.0283
Cal cul ated from Manning's n = 0.025
Wnd velocity uw = 8.5 ns
TI DAL SI MULATI ON at tine Tsim = -1.5 hours
| nst ant aneous anbi ent velocity UA = 0.115 m's
Maxi mum ti dal velocity UaMAX = 0.359 m's
Rate of tidal reversal dupa/dt = 0.0767 (m s)/ hour
Period of reversal T = 12. 4 hours
Stratification Type STRCND = B
Surface density RHOAS = 1001. 0000 kg/ m'3
Bottom density RHOAB = 1019. 0000 kg/ n'3
Stratification height HNT = 1.47 m (pycnocline |evel)
Density bel ow pycnocline RHOAP = 1019. 0000 kg/ nt3
Dl SCHARGE PARAMETERS: Single Port Discharge
Near est bank = right
Di stance to bank DISTB = 0.99 m
Port di anmeter DO = 0.0708 m
Port cross-sectional area A0 = 0.0039 nt2
Di scharge vel ocity wo =7.26 m's
D scharge flowate Q = 0.028558 m3/s
Di scharge port height HO = 3.67 m
Vertical discharge angle THETA = -89.23 deg
Hori zont al di scharge angl e SIGVA = 90 deg
Di scharge tenperature (freshwater) = 10 degC
Correspondi ng density RHOO = 999. 7019 kg/ m3
Density difference DRHO = 19.2981 kg/ m'3
Buoyant accel eration GPO = 0. 1857 nf s"2
Di scharge concentrati on Cco = 0.137 ny/|
Sur face heat exchange coeff. KS =0 nls
Coefficient of decay KD =0/s
Dl SCHARGE/ ENVI RONMENT LENGTH SCALES:
LQ = 0.06 m Lm = 3.96 m Lb =3.49 m
LM =4.22 m Lm = 1.15 m Lb' = 0.60 m
UNSTEADY Tl DAL SCALES:
Tu = 0.2782 hours Lu =21.35 m Lmin= 0.17 m
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NON- DI MENSI ONAL PARAMETERS:

Port densinetric Froude number FRO = 63.35
Vel ocity ratio R = 63.15
M XI NG ZONE / TOXI C DI LUTI ON ZONE / AREA OF | NTEREST PARAMETERS
Toxi ¢ di scharge = yes
CMC concentration CcMC = 0.0058 ny/|
CCC concentration CCcC = 0.00373 no/ |
Water quality standard specified = given by CCC val ue
Regul atory m xi ng zone = yes
Regul at ory m xi ng zone specification = di stance
Regul atory m xi ng zone val ue =91.44 m(m2 if area)
Regi on of interest = 3500 m

R R R I S R R R Ik Ok kR I IRk kI kR R R R Sk kb kR R Rk kb O R R ek R SRR e e Sk

HYDRCDYNAM C CLASSI FI CATI ON:
* *

| FLOWCLASS = 1V5

This flow configuration applies to a |layer corresponding to |lower stratified
density layer at the discharge site. The density junp at the pycnocline
confines the flowto the | ower |ayer.

Applicable layer depth = |lower |ayer depth = 2.20 m

R IR I o S R R R IRk Sk kb kR R R e bk kR Rk Sk Sk R Rk kR Rk Ik b R R R Ik S e R Rk

M XI NG ZONE EVALUATI ON (hydrodynam ¢ and regul atory sunmary):

X-Y-Z Coordi nate system

Oiginis located at the bottom bel ow the port center:
0.99 mfromthe right bank/shore
Nunber of display steps NSTEP = 30 per nodul e.

NEAR- FI ELD REG ON (NFR) CONDI Tl ONS :

Note: The NFR is the zone of strong initial mixing. It has no regulatory
implication. However, this information may be useful for the discharge
desi gner because the mixing in the NFRis usually sensitive to the
di scharge desi gn conditions.

Pol | utant concentration at NFR edge c¢ = 0.0089 ny/|
Dilution at edge of NFR s = 15.4
NFR Locati on: X =2.37 m
(centerline coordinates) y =0.05 m
z=0m
NFR pl une di mensions: half-width (bh) = 3.90 m
thickness (bv) = 0.49 m

Cunul ative travel tine: 18. 7147 sec.

Buoyancy assessnent:
The effluent density is |less than the surroundi ng anbi ent water
density at the discharge |evel.
Therefore, the effluent is POSI TI VELY BUOYANT and will tend to rise towards
the surface.

Stratification assessnent:
The specified two | ayer anbient density stratification is dynanmically
i mportant. The discharge near field floww Il be confined to the | ower
| ayer by the anbient density stratification.
Furthernore, it is trapped at the pycnocline by the anbient density
j unp.

UPSTREAM | NTRUSI ON  SUMVARY:

Pl une exhibits upstreamintrusion due to | ow anbient velocity or strong
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di scharge buoyancy.

Intrusion length = 2.39m
I ntrusion stagnati on point = -1.96m
I ntrusion thickness = 0.49 m
Intrusion half width at inpingenent = 3.90 m
Intrusion half thickness at inpingenent = 0.49 m

PLUVE BANK CONTACT SUMVARY:
Plunme in bounded section contacts one bank only at 2.37 m downstream

UNSTEADY TI DAL ASSESSMENT:
Because of the unsteadi ness of the anbient current during the tidal
reversal, CORM X predictions have been TERM NATED at :

X = 325.65 m
y =-0.99 m
z=0m

For this conditi on BEFORE Tl DAL REVERSAL, extensive re-entrainment
of previously discharged is unlikely.
To determ ne the mninmumdilution, perform additional sinmulations
after slack tide.
kkkhkkkhkkhkkhkkhkkhkhkkhkkhkkhkkhkkikkhkkkk*k TOXI C D LLJTI O\l ZO\]E SUM\MRY khkkkhkkhkhkkhkhkhkkhkhkhkkhkkhkhkkhkhkxk*%
Recal | : The TDZ corresponds to the three (3) criteria issued in the USEPA
Techni cal Support Docunent (TSD) for Water Quality-based Toxics Control,
1991 ( EPA/ 505/ 2-90-001).

Criterion maxi mum concentration (CMC) = 0.0058 ng/l
Correspondi ng dilution = 23. 620690
The CMC was encountered at the follow ng plune position:

Pl ume | ocati on: X =-0.90 m

(centerline coordinates) y =0.05m

z =0.08m

Pl ue di mensi on: hal f-width (bh) = 1.05 m
t hi ckness (bv) = 0.09 m

Conput ed di stance from port opening to CMC | ocation = 3.69 m

CRITERION 1: This location is beyond 50 tines the discharge | ength scal e of
Lg = 0.06 m

+++++ The di scharge | ength scale TEST for the TDZ has FAI LED. ++++++

Conput ed hori zontal distance fromport opening to CMC | ocation = 0.90 m
CRITERION 2: This location is within 5 tinmes the anbi ent water depth of

HD = 3.67 m
++++++++++ The anbi ent depth TEST for the TDZ has been SATI SFI ED. ++++++++++

Conput ed di stance fromport opening to CMC location = 3.69 m
CRITERION 3: This location is within one tenth the distance of the extent
of the Regulatory M xing Zone of 91.52 min any
spatial direction fromthe port opening.
+++++ The Regul atory M xi ng Zone TEST for the TDZ has been SATI SFI ED. ++++++

The diffuser discharge velocity is equal to 7.26 nis.
Thi s exceeds the value of 3.0 nis recommended in the TSD.

*** This di scharge DOES NOT SATISFY all three CMC criteria for the TDZ. ****
EIRE R IR b I b b S b b S S b S REGJLATOQY M xl NG ZO\IE SUMVARY R IR R Sk I S b b b b S b b A S S
The plume conditions at the boundary of the specified RMZ are as foll ows:

Pol | utant concentrati on ¢ = 0.003711 ng/l
Correspondi ng dilution s = 37.0
Pl urme | ocati on: X =91.44 m
(centerline coordinates) y =-0.99 m
z =0m
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32.28 m
0.29 m

Pl une di nmensi ons: hal f-w dth (bh)
t hi ckness (bv)
Cunul ative travel tinme: 792. 9850 sec.
At this position, the plume is CONTACTING the RI GHT bank.
Furthernore, the CCC for the toxic pollutant has indeed been net
within the RMZ. In particul ar:
The CCC was encountered at the follow ng plune position:
The CCC for the toxic pollutant was encountered at the foll ow ng
pl umre position:

CcC = 0.00373 no/l
Correspondi ng dilution = 36.7
Pl ume | ocati on: x =-1.78 m
(centerline coordinates) y =0.05m
z =0.01m
Pl une di mensi ons: hal f-width (bh) = 0.60 m
thi ckness (bv) = 0.11 m

kkkkhkkhkkhkkhkkkhkkhkkhkkkikkhkkikkkkhkhx FI NAL ESIG\I ADVI (:E AND (:OVIVENTS kkkhkkkkhkkhkkhkkkhkkhkkhkkhkkikkhkkhkkikhkkk
REM NDER: The user nust take note that HYDRODYNAM C MCODELI NG by any known
techni que is NOT AN EXACT SCl ENCE.
Ext ensive conparison with field and | aboratory data has shown that the
CORM X predictions on dilutions and concentrations (w th associ ated
pl ume geonetries) are reliable for the magjority of cases and are accurate
to within about +-50% (standard devi ation).
As a further safeguard, CORM X will not give predictions whenever it judges
t he design configuration as highly conpl ex and uncertain for prediction.
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CORM X3 PREDI CTI ON FI LE:
3333333333333333333333333333333333333333333333333333333333333333333333333333333

CORM X M XI NG ZONE EXPERT SYSTEM
Subsyst em CORM X3: Buoyant Surface Di scharges
CORM X Version 6.0GT
HYDRO3 Version 6.0.0.0 Cctober 2009

CASE DESCRI PTI ON

Site name/| abel : SI M

Desi gn case: JD300400GPWh6. 0

FI LE NAME: P:\...io0s\V.6.0\400GPVFi nal Ri ver\ JD300400G°PMoFi nal R. prd
Ti me stanp: Fri Mar 26 14:53:30 2010

ENVI RONVENT PARAMETERS (netric units)
Bounded secti on

BS = 158.50 AS = 1321.17 @A = 27.74 |1 CHREG= 1

HA = 8.34 HD = 5.83

Tidal Sinulation at TIME = 2.500 h

PERI OD= 12.40 h UAmax = 0. 359 dUa/dt= 0.008 (ms)/h

UA = 0.021 F = 0. 024 USTAR =0. 1155E-02

Uw = 8. 500 UWSBTAR=0. 1074E-01

Density stratified environment

STRCND= B RHOAM = 1008. 2024

RHOAS = 1001. 0000 RHOAB = 1019. 0000 RHOAEF= 1001.0000 E =0. 0000E+00
DRHQJ = 18. 0000 HINT = 2.33 ES =0. 7420E- 01

DI SCHARGE PARAMETERS (netric units)

BANK = RICGHT DI STB = 0.91 Configuration: protruding_di scharge
SI GVA = 90.00 HDO = 5.83 SLOPE = 0. 00 deg.

Circul ar di scharge pi pe:

DO = 0. 610 A0 = 0.292

Di nensi ons of equival ent rectangul ar di schar ge:

BO = 0.479 HO = 0.610 A0 =0. 2919E+00 AR = 1.273
uo = 0.185 Q0 = 0. 054 =0. 5394E- 01

RHOO = 999.7019 DRHO =0.1298E+01 GPO  =0.1272E-01

Co =0. 1500E-01 CUNITS= ng/l

IPOLL = 1 KS =0. 0000E+00 KD =0. 0000E+00
FLUX VARI ABLES (netric units)

Q =0. 5394E-01 M =0. 9967E-02 JO =0. 6859E- 03

Associ ated |l ength scal es (neters)

LQ = 0.54 LM = 1.21 Lm = 4.75 Lb = 73.53
Ti dal : Tu = 0.7325 h Lu = 16.225 Lmin = 0.278
NON- DI MENSI ONAL PARAMETERS

FRO = 2.24 FRCH = 2.11 R = 8. 80

FLOW CLASSI FI CATI ON
333333333333333333333333333333333333333333
3 Flow class (CORM X3) = FJ1 3
3 Applicable |layer depth HS = 3.50 3
333333333333333333333333333333333333333333

M XI NG ZONE / TOXI C DI LUTI ON / REQ ON OF | NTEREST PARAMETERS
co =0. 1500E-01 CUNITS= no/l
NTOX = 1 CMC  =0.5800E-02 CCcC = CsSTD
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NSTD = 1 CSTD =0. 3730E-02

REGWE = 1

REGSPC= 1 XREG = 91.44 WREG = 0.00 AREG = 0. 00
XINT = 3500. 00 XMAX = 3500. 00

X-Y-Z COCRDI NATE SYSTEM
ORIA N is |located at the WATER SURFACE and at center of discharge
channel /out |l et: 0.91 m fromthe RI GHT bank/shore.
X-axi s points downstream
Y-axis points to left as seen by an observer | ooki ng downstream
Z-axis points vertically upward (in CORM X3, all values Z = 0.00)
NSTEP = 30 display intervals per nodule

BEG N MOD301: DI SCHARGE MODULE

Ef fl ux conditions:
X Y V4 S C BV BH TT
0. 00 0.00 0. 00 1.0 0. 150E-01 0.61 0. 24 . 00000E+00

END OF MOD301: DI SCHARGE MODULE

BEG N MOD302: ZONE OF FLOW ESTABLI SHVENT
Control vol une infl ow
X Y Z S C BV BH TT
0. 00 0.00 0.00 1.0 0. 150E-01 0. 61 0. 24 . 00000E+00

Profile definitions:

BV = Gaussian 1/e (37% vertical thickness

BH = Gaussian 1/e (37% horizontal half-width, normal to trajectory

S = hydrodynanic centerline dilution

C = centerline concentration (includes reaction efects, if any)

TT = Cumul ative travel tine
Control vol une outfl ow S| GVAE= 89. 15

X Y Z S C BV BH TT
0. 02 1.51 0. 00 1.0 0.150E-01 0.29 0. 65 .81813E+01
Cunul ative travel time = 8. 1813 sec

END OF MOD302: ZONE OF FLOW ESTABLI SHVENT

BEG N CORSURF (MOD310): BUOYANT SURFACE JET - NEAR-FI ELD REG ON
Surface jet in deep crossflow with strong buoyancy effects.

Profile definitions:

BV = Gaussian 1/e (37% vertical thickness

BH = Gaussian 1/e (37% horizontal half-width, normal to trajectory
S = hydrodynanic centerline dilution

C = centerline concentration (includes reaction efects, if any)

TT = Curmul ative travel tine
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X Y z S C BV BH TT
0. 02 1.51 0. 00 1.0 0.150E-01 0.29 0. 65 . 81813E+01
0. 04 2.07 0. 00 1.7 0.909E-02 0. 39 1.26 .13421E+02
0. 06 2.61 0. 00 1.7 0.882E-02 0.35 1.48 . 18563E+02
0. 09 3.15 0. 00 1.8 0. 850E-02 0. 33 1.70 . 23843E+02
0. 13 3. 68 0. 00 1.8 0.817E-02 0. 32 1.91 . 29207E+02
0. 18 4.23 0. 00 1.9 0. 784E-02 0.31 2.13 . 34943E+02
0. 23 4.77 0. 00 2.0 0.753E-02 0.31 2.35 . 40954E+02
0. 30 5.31 0. 00 2.1 0.724E-02 0.30 2.59 . 47250E+02
0. 37 5. 83 0. 00 2.2 0.697E-02 0. 30 2.82 . 53693E+02
0. 45 6. 37 0. 00 2.2 0.670E-02 0.30 3. 07 . 60600E+02
0. 54 6.91 0. 00 2.3 0. 645E-02 0. 30 3.32 . 67842E+02
0. 63 7.44 0. 00 2.4 0.622E-02 0. 29 3. 58 . 75422E+02
0.74 7.97 0. 00 2.5 0.602E-02 0. 29 3.84 . 83163E+02
0. 85 8.50 0. 00 2.6 0.582E-02 0. 29 4.10 .91418E+02

** CMC HAS BEEN FOUND **

The pollutant concentration in the plunme falls bel ow CMC val ue of 0.580E-02
in the current prediction interval.
This is the extent of the TOXI C DI LUTI ON ZONE.

0. 97 9.03 0. 00 2.7 0.563E-02 0.29 4.37 .10002E+03
1.09 9. 56 0. 00 2.7 0.546E-02 0.29 4. 65 . 10897E+03
1.22 10. 07 0. 00 2.8 0.530E-02 0. 30 4.93 . 11806E+03
1.36 10. 60 0. 00 2.9 0.515E-02 0.30 5.21 . 12771E+03
1.51 11.12 0. 00 3.0 0.501E-02 0. 30 5.51 . 13773E+03
1.66 11. 63 0. 00 3.1 0.487E-02 0.30 5.80 . 14788E+03
1.82 12. 15 0. 00 3.2 0.474E-02 0.30 6. 10 . 15864E+03
1.99 12. 67 0. 00 3.2 0.462E-02 0.30 6.41 . 16979E+03
2. 17 13.19 0. 00 3.3 0.450E-02 0.31 6. 72 . 18135E+03
2.35 13.69 0. 00 3.4 0.438E-02 0.31 7.03 . 19305E+03
2.54 14. 20 0. 00 3.5 0.427E-02 0.32 7.36 .20546E+03
2.73 14.70 0. 00 3.6 0.417E-02 0. 32 7.70 .21833E+03
2.94 15. 21 0. 00 3.7 0.407E-02 0.33 8.04 .23171E+03
3.14 15.70 0. 00 3.8 0.397E-02 0. 33 8. 39 . 24533E+03
3. 36 16. 20 0. 00 3.9 0.387E-02 0.34 8.76 .25991E+03
3.59 16. 69 0. 00 4.0 0.378E-02 0. 36 9.18 . 27539E+03

** WATER QUALI TY STANDARD CCC HAS BEEN FOUND **

The pol lutant concentration in the plune falls bel ow water quality standard
or CCC value of 0.373E-02 in the current prediction interval.

This is the spatial extent of concentrati ons exceeding the water quality
standard or CCC val ue.

3.81 17. 17 0.00 4.1 0.370E-02 0.24 9.68 .28971E+03
Buoyant jet regine ends with local CR TI CAL CONDI Tl ONS.
Cunul ative travel time = 289. 7109 sec

END OF CORSURF (MOD310): BUOYANT SURFACE JET - NEAR-FlI ELD REG ON

The initial plume WDTH THI CKNESS VALUE in the next far-field nmodule will be
CORRECTED by a factor 1.53 to conserve the mass flux in the far-field!
The correction factor is quite | arge because of the small anbient velocity
relative to the strong nixing characteristics of the di scharge!
This indicates localized RECI RCULATI ON REG ONS and internal hydraulic JUWPS.
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BEG N MOD341: BUOYANT AMBI ENT SPREADI NG

Because of the WEAK VERTICAL M XING the surface plune in the far-field
will be vertically limted WTH N THE UPPER LAYER of the anbient
stratification.

Profile definitions:

BV = top-hat thickness, neasured vertically

BH = top-hat hal f-wi dth, neasured horizontally from bank/shoreline

S = hydrodynani c average (bul k) dilution

C = average (bul k) concentration (includes reaction effects, if any)
TT = Cumul ative travel tine

Plume Stage 1 (not bank attached):
X Y z S C BV BH TT

3.81 17. 17 0. 00 4.1 0.370E-02 0. 37 14. 77 .28971E+03
3. 86 17. 17 0. 00 4.1 0.369E-02 0. 37 14.89 .29217E+03
3.92 17. 17 0. 00 4.1 0.368E-02 0. 36 15. 01 . 29463E+03
3.97 17. 17 0. 00 4.1 0.367E-02 0. 36 15. 12 . 29708E+03
4,02 17. 17 0. 00 4.1 0.366E-02 0. 36 15. 24 . 29954E+03
4,07 17.17 0. 00 4.1 0.365E-02 0. 36 15. 35 . 30200E+03
4,12 17. 17 0. 00 4.1 0.365E-02 0. 36 15. 47 . 30445E+03
4,17 17.17 0. 00 4.1 0.364E-02 0. 35 15. 58 . 30691E+03
4,23 17. 17 0. 00 4.1 0.363E-02 0. 35 15. 69 . 30937E+03
4,28 17. 17 0. 00 4.1 0.362E-02 0. 35 15.81 . 31183E+03
4,33 17. 17 0. 00 4.2 0.361E-02 0. 35 15. 92 . 31428E+03
4,38 17.17 0. 00 4.2 0.360E-02 0. 35 16. 03 . 31674E+03
4,43 17. 17 0. 00 4.2 0.360E-02 0. 35 16. 14 . 31920E+03
4,48 17. 17 0. 00 4.2 0.359E-02 0. 34 16. 26 . 32166E+03
4,54 17. 17 0.00 4,2 0.358E-02 0. 34 16. 37 . 32411E+03
4,59 17. 17 0. 00 4.2 0.357E-02 0. 34 16. 48 . 32657E+03
4. 64 17. 17 0.00 4,2 0.357E-02 0.34 16. 59 . 32903E+03
4,69 17. 17 0. 00 4.2 0.356E-02 0. 34 16. 70 . 33148E+03
4.74 17. 17 0.00 4,2 0.355E-02 0.34 16. 81 . 33394E+03
4,79 17. 17 0. 00 4.2 0.354E-02 0. 33 16. 92 . 33640E+03
4. 85 17. 17 0.00 4.2 0.354E-02 0. 33 17. 03 . 33886E+03
4,90 17. 17 0. 00 4.3 0.353E-02 0. 33 17. 14 . 34131E+03
4,95 17. 17 0. 00 4.3 0.352E-02 0. 33 17. 24 . 34377E+03
5.00 17. 17 0.00 4.3 0.351E-02 0. 33 17. 35 . 34623E+03
5. 05 17. 17 0. 00 4.3 0.351E-02 0. 33 17. 46 . 34869E+03
5.11 17. 17 0.00 4.3 0.350E-02 0. 33 17.57 .35114E+03
5.16 17. 17 0. 00 4.3 0.349E-02 0. 33 17. 67 .35360E+03
5.21 17. 17 0.00 4.3 0.348E-02 0.32 17.78 . 35606E+03
5. 26 17. 17 0. 00 4,3 0.348E-02 0. 32 17.89 . 35851E+03
5.31 17. 17 0.00 4.3 0.347E-02 0.32 17.99 . 36097E+03
5.36 17. 17 0.00 4.3 0.346E-02 0.32 18. 10 . 36343E+03
Cunul ative travel tine = 363. 4290 sec

Plune is ATTACHED to RI GHT bank/ shor e.
Pl une width is now determ ned from Rl GHT bank/ shore.

Plume Stage 2 (bank attached):
X Y Z S C BV BH TT

5. 36 -0.91 0. 00 4.5 0.336E-02 0. 32 36.17 . 36343E+03
8.75 -0.91 0. 00 4.8 0.311E-02 0. 30 42. 63 . 52432E+03
12. 13 -0.91 0. 00 5.2 0.288E-02 0. 28 48. 58 . 68521E+03
15. 52 -0.91 0. 00 5.7 0.265E-02 0.28 54.15 . 84610E+03
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18. 90 -0.91 0. 00 6.2 0.244E-02 0. 28 59.41 . 10070E+04
22.29 -0.91 0. 00 6.7 0.223E-02 0. 28 64.42 .11679E+04
25. 68 -0.91 0. 00 7.3 0. 204E-02 0.29 69.22 . 13288E+04
29. 06 -0.91 0. 00 8.0 0. 186E-02 0. 30 73.86 .14897E+04
32. 45 -0.91 0. 00 8.8 0.170E-02 0.31 78. 34 . 16506E+04
35. 83 -0.91 0. 00 9.7 0. 155E-02 0. 32 82. 69 .18115E+04
39. 22 -0.91 0. 00 10.6 0. 142E-02 0. 34 86.94 .19723E+04
42. 60 -0.91 0. 00 11.6 0. 130E-02 0. 36 91. 08 . 21332E+04
45. 99 -0.91 0. 00 12.6 0. 119E-02 0. 38 95. 13 . 22941E+04
49. 37 -0.91 0. 00 13.8 0. 109E-02 0. 40 99. 09 . 24550E+04
52.76 -0.91 0. 00 15.0 0. 998E-03 0.42 102. 99 . 26159E+04
56. 14 -0.91 0. 00 16.4 0.917E-03 0.44 106. 81 . 27768E+04
59. 53 -0.91 0. 00 17.7 0. 845E-03 0. 47 110. 58 . 29377E+04
62.91 -0.91 0. 00 19.2 0. 780E-03 0. 49 114. 28 . 30986E+04
66. 30 -0.91 0. 00 20.8 0. 722E-03 0. 52 117. 94 . 32595E+04
69. 68 -0.91 0. 00 22.4 0.669E-03 0.55 121. 54 . 34204E+04
73.07 -0.91 0. 00 24.2 0.621E-03 0. 58 125. 09 . 35813E+04
76. 45 -0.91 0. 00 26.0 0.578E-03 0.61 128. 60 . 37422E+04
79. 84 -0.91 0. 00 27.9 0.538E-03 0. 64 132. 07 . 39031E+04
83. 23 -0.91 0. 00 29.8 0.503E-03 0. 67 135. 49 . 40639E+04
86. 61 -0.91 0. 00 31.9 0.470E-03 0.71 138. 88 . 42248E+04
90. 00 -0.91 0. 00 34.1 0. 440E-03 0.74 142. 24 . 43857E+04
** REGULATORY M XI NG ZONE BOUNDARY **

In this prediction interval the plunme DONNSTREAM di stance neets or exceeds
the regul atory val ue = 91.44 m
This is the extent of the REGULATORY M XI NG ZONE.
91. 43 -0.91 0. 00 35.0 0.429E-03 0.75 143. 64
Cunul ative travel time = 4453. 9761 sec

CORM X prediction has been TERM NATED at |ast prediction interval.
Limting distance due to TIDAL REVERSAL has been reached.

END OF MOD341: BUOYANT AMBI ENT SPREADI NG

CORM X3: Buoyant Surface D scharges End of Prediction File
3333333333333333333333333333333333333333333333333333333333333333333333333333333
3
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CORM X SESSI ON REPORT:
OO0 000 00000.090.000.0.000.0000.000.0000000.000009.0.000.000.000.0.000.000.0.000.000.0000.000.000.64
CORM X M XI NG ZONE EXPERT SYSTEM
CORM X Version 6.0GT
HYDRO3: Versi on-6.0. 0.0 Cctober, 2009

S| TE NAME/ LABEL: SIM

DESI GN CASE: JD300400GPM6. O

FI LE NAME:
P:\M xing\Critical Di schargeScenari os\ V. 6. 0\ 400G°PMFi nal Ri ver\ JD300400GPMoFi nal R
prd

Usi ng subsyst em CORM X3: Buoyant Surface Di scharges

Start of session: 03/ 26/ 2010- - 14: 53: 30

R R R I Sk I S R R R Ik kR R SRR R Rk kS R RO Rk Sk kb R R Rk kR I R Ak Sk e O O

SUWMMARY OF | NPUT DATA:

AMBI ENT PARAMETERS:

Cross-section = bounded
Wdt h BS = 158.50 m
Channel regularity | CHREG = 1
Ambi ent flowate QA = 27.74 m3/s
Aver age depth HA =8.34 m
Dept h at di scharge HD =5.83m
Dar cy- Wi sbach friction factor F = 0.0242
Cal cul ated from Manning's n = 0.025
Wnd velocity uw = 8.5 ns
TI DAL SI MULATI ON at tine Tsim = 2.5 hours
| nst ant aneous anbi ent velocity UA = 0.021 ms
Maxi mum ti dal velocity UaMAX = 0.359 m's
Rate of tidal reversal dupa/dt = 0.0084 (m s)/ hour
Period of reversal T = 12. 4 hours
Stratification Type STRCND = B
Surface density RHOAS = 1001. 0000 kg/ m'3
Bottom density RHOAB = 1019. 0000 kg/ n'3
Stratification height H NT = 2.33 m(pycnocline |evel)
Density bel ow pycnocline RHOAP = 1019. 0000 kg/ nt3
Dl SCHARGE PARAMETERS: Surface Discharge

D scharge | ocated on
Di scharge configuration

ri ght bank/shoreline
protrudi ng di scharge

Di stance from bank to outl et DISTB = 0.91 m
Di scharge angl e SIGVA = 90 deg
Dept h near di scharge outl et HDO =583 m
Bott om sl ope at di scharge SLOPE = 0 deg
Crcul ar pipe dianeter = 0.6096 m
Equi val ent rectangul ar di scharge:
Di scharge cross-section area A0 = 0.291864 m2
Di scharge channel wi dth BO = 0.478779 m
Di scharge channel depth HO = 0.6096 m
Di scharge aspect ratio AR = 1.273240
D scharge flowate Q = 0. 053935 m3/s
Di scharge vel ocity wo = 0.18 m's
Di scharge tenperature (freshwater) = 10 degC
Correspondi ng density RHOO = 999. 7019 kg/ m3
Density difference DRHO = 1.2981 kg/ m3
Buoyant accel eration GPO = 0.0127 nm s"2
Di scharge concentrati on Cco = 0.015 no/|
Surface heat exchange coeff. KS =0 nls
Coef ficient of decay KD =0/s

DI SCHARGE/ ENVI RONMENT LENGTH SCALES:
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LQ =0.54 m Lm = 4.75 m Lbb = 73.53 m
LM =1.21 m

UNSTEADY TI DAL SCALES:
Tu = 0.7325 hours Lu = 16.22 m Lmin= 0.28 m

NON- DI MENSI ONAL PARAMETERS:

Densi netric Froude nunber FRO = 2.24 (based on LQ
Channel densinetric Froude no. FRCH = 2.11 (based on HO)
Vel ocity ratio R = 8.80

M XI NG ZONE / TOXI C DI LUTI ON ZONE / AREA OF | NTEREST PARAMETERS:
Toxi ¢ di scharge = yes
CMC concentration CcMC = 0.0058 ny/ |
CCC concentration CCcC = 0. 00373 no/ |
Water quality standard specified = given by CCC val ue
Regul atory m xi ng zone = yes
Regul atory m xi ng zone specification = di stance
Regul atory m xi ng zone val ue =91.44 m(m2 if area)
Regi on of interest = 3500 m

R R R I S R Ik Ok kR I IRk kS e O R Rk kR RO R Ik Sk kb R R R ek S b e O

HYDRCDYNAM C CLASSI FI CATI ON:
* *

| FLOWCLASS = FJ1 |

R R IR I o Sk R I R R IRk Sk kR R R R e bk Sk I Rk ik kR R R R R ok kR kb SRR R R I S Rk I

M XI NG ZONE EVALUATI ON (hydrodynam ¢ and regul atory sunmary):

X-Y-Z Coordi nate system
Oiginis located at water surface and at centerline of discharge channel:
0.91 mfromthe right bank/shore.
Nunber of display steps NSTEP = 30 per nodul e.

NEAR- FI ELD REG ON (NFR) CONDI Tl ONS :

Note: The NFR is the zone of strong initial mixing. |t has no regulatory
inmplication. However, this information may be useful for the discharge
desi gner because the mixing in the NFRis usually sensitive to the
di scharge desi gn conditions.

Pol | utant concentration at NFR edge c¢ = 0.0035 ny/l
Dilution at edge of NFR s = 4.2
NFR Locati on: x =3.81m
(centerline coordinates) y = 17.17 m
z=0m
NFR pl une di mensions: half-width (bh) = 9.68 m
thickness (bv) = 0.24 m

Cunul ati ve travel tinme: 289. 7109 sec.

Buoyancy assessment:
The effluent density is less than the surroundi ng anbi ent wat er
density at the discharge |evel.
Therefore, the effluent is POSI TI VELY BUOYANT and will tend to rise towards
t he surface.

Stratificati on assessment:
Due to WEAK VERTICAL M XING the surface plume will be confined to
t he upper |ayer above the pycnocli ne!

PLUVE BANK CONTACT SUWARY:
Pl une in bounded section contacts nearest bank at 5.36 m downstream
Pl ume contacts second bank at 106.92 m downstream
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UNSTEADY TI DAL ASSESSMENT:
Because of the unsteadi ness of the anbient current during the tidal
reversal, CORM X predictions have been TERM NATED at :

X = 91.43 m
y =-0.91m
z =0 m

For this condition AFTER TI DAL REVERSAL, m xed water fromthe previous
hal f-cycl e becones re-entrained into the near field of the discharge,
i ncreasing pollutant concentrations conpared to steady-state predictions.
A pool of mxed water formed at slack tide will be advected downstream
in this phase.
ERE I Sk b S b b S b b S S b S I b TOXI C u LLJTI O\l ZO\'E SUMVARY R IR I b I b b S I b b I S b I R
Recal | : The TDZ corresponds to the three (3) criteria issued in the USEPA
Techni cal Support Docunent (TSD) for Water Quality-based Toxics Control,
1991 ( EPA/ 505/ 2-90-001).

Criterion maxi mum concentration (CMC) = 0.0058 ng/l
Correspondi ng dilution = 2.586207
The CMC was encountered at the foll ow ng plune position:
Pl unme | ocati on: x = 0.86 m
(centerline coordi nates) y =8.55m
z=0m
Pl une di nmensi on: hal f-width (bh) = 4.13 m
thi ckness (bv) = 0.29 m

Conput ed di stance from port opening to CMC | ocation = 8.59 m

CRITERION 1: This location is within 50 tinmes the discharge | ength scale of
Lg = 0.54 m

+++++ The discharge | ength scale TEST for the TDZ has been SATI SFI ED. ++++++

Conput ed horizontal distance fromport opening to CMC | ocation = 8.59 m
CRITERION 2: This location is within 5 tines the anbient water depth of

HD = 5.83 m
++++++++++ The anbi ent depth TEST for the TDZ has been SATI SFI ED. ++++++++++

Conput ed di stance from port opening to CMC | ocation = 8.59 m
CRITERION 3: This location is within one tenth the distance of the extent
of the Regulatory M xing Zone of 91.44 min any
spatial direction fromthe port opening.
+++++ The Regul atory M xi ng Zone TEST for the TDZ has been SATI SFl ED. ++++++

The diffuser discharge velocity is equal to 0.18 nis.
This is below the value of 3.0 nis recommended in the TSD.

*** Al three CMC criteria for the TDZ are SATISFIED for this discharge. ***
kkkkhkkkkhkhkkhkkhkkikkhkkhkkhkkhkkhkhk*k REGJLATmY M XI NG ZO\IE SUMVARY kkkkhkkkkhkhkkkhkhkikkkhkhkkikkkhkhkkkk*%
The plume conditions at the boundary of the specified RVZ are as foll ows:

Pol | ut ant concentration ¢ = 0.000429 ny/l
Corresponding dilution s = 35.0
Pl ume | ocati on: X = 91.44 m
(centerline coordinates) y =-0.91 m
z=0m
Pl ume di nmensi ons: hal f-wi dth (bh) = 143.65 m
t hi ckness (bv) = 0.75 m
Cunul ative travel time: 4454. 3540 sec.

At this position, the plunme i s CONTACTI NG the RI GHT bank.

Furthernore, the CCC for the toxic pollutant has indeed been net
within the RMZ. In particular:

The CCC was encountered at the foll owi ng plunme position:

The CCC for the toxic pollutant was encountered at the follow ng
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pl ume position:

CcC = 0.00373 ng/l
Correspondi ng dilution =4.0
Pl ume | ocati on: Xx =3.81 m
(centerline coordi nates) y =17.17 m
z=0m
Pl une di nmensi ons: hal f-width (bh) = 9.68 m
thi ckness (bv) = 0.25 m

R R S b S b b S b b S b S FI ,\IAL [ESI G\l ADVI CE AND COV'VENTS R SR S b S S b b S S b b S b b S 2

REM NDER:  The user nust take note that HYDRODYNAM C MCDELI NG by any known
techni que is NOT AN EXACT SCl ENCE.

Extensive conparison with field and | aboratory data has shown that the
CORM X predictions on dilutions and concentrations (with associated
pl ume geonetries) are reliable for the magjority of cases and are accurate
to within about +-50% (standard devi ation).

As a further safeguard, CORM X will not give predictions whenever it judges
the design configuration as highly conplex and uncertain for prediction.
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CORM X3 PREDI CTI ON FI LE:
3333333333333333333333333333333333333333333333333333333333333333333333333333333

CORM X M XI NG ZONE EXPERT SYSTEM
Subsyst em CORM X3: Buoyant Surface Di scharges
CORM X Version 6.0GT
HYDRO3 Version 6.0.0.0 Cctober 2009

CASE DESCRI PTI ON

Site name/| abel : SI M

Desi gn case: JD300400GPMeFi nal 6. 0

FI LE NAME: P:\...\V.6.0\400GPMFi nal Ri ver\ JD300400GPMcFi nal 6. OR. prd
Ti me stanp: Fri Mar 26 14:57:13 2010

ENVI RONVENT PARAMETERS (metric units)
Bounded secti on

BS = 158.50 AS = 1329.09 QA = 293.73 ICHREG= 1

HA = 8.39 HD = 5. 87

Tidal Sinmulation at TIME = 3.000 h

PERI OD= 12.40 h UAmax = 0. 359 dUa/dt= 0.074 (ms)/h

UA = 0.221 F = 0. 024 USTAR =0. 1214E-01

Uuw = 8. 500 UWBTAR=0. 1074E- 01

Density stratified environment

STRCND= B RHOAM = 1008. 2062

RHOAS = 1001. 0000 RHOAB = 1019. 0000 RHOAEF= 1001.0000 E =0. 0000E+00
DRHQJ = 18. 0000 HINT = 2.35 ES =0. 7371E- 01

DI SCHARGE PARAMETERS (netric units)

BANK = RICGHT DI STB = 0.91 Configuration: protrudi ng_di scharge
SI GVA = 90.00 HDO = 5.87 SLOPE = 0. 00 deg.

Circul ar di scharge pi pe:

DO = 0. 610 A0 = 0.292

Di nmensi ons of equival ent rectangul ar di scharge:

BO = 0.479 HO = 0.610 A0 =0. 2919E+00 AR = 1.273
uo = 0.185 Q0 = 0. 054 =0. 5394E- 01

RHOO = 999.7019 DRHO =0.1298E+01 GPO  =0.1272E-01

Co =0. 8000E- 02 CUNITS= ny/l

IPOLL = 1 KS =0. 0000E+00 KD =0. 0000E+00
FLUX VARI ABLES (netric units)

Q =0. 5394E-01 M =0. 9967E-02 JO =0. 6859E- 03

Associ ated |l ength scal es (neters)

LQ = 0.54 LM = 1.21 Lm = 0.45 Lb = 0. 06
Ti dal : Tu = 0.1722 h Lu = 7.868 Lmin = 0.278
NON- DI MENSI ONAL PARAMETERS

FRO = 2.24 FRCH = 2.11 R = 0.84

FLOW CLASSI FI CATI ON
333333333333333333333333333333333333333333
3 Flow class (CORM X3) = FJ2 3
3 Applicable |ayer depth HS = 3.52 3
333333333333333333333333333333333333333333

M XI NG ZONE / TOXIC DI LUTI ON / REG ON OF | NTEREST PARAMETERS
co =0. 8000E-02 CUNITS= nyp/l
NTOX = 1 CMC =0.5800E-02 cCCcC = CSTD
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NSTD = 1 CSTD =0. 3730E-02

REGWE = 1

REGSPC= 1 XREG = 91.44 WREG = 0.00 AREG = 0. 00
XINT = 3500. 00 XMAX = 3500. 00

X-Y-Z COCRDI NATE SYSTEM
ORIA N is |located at the WATER SURFACE and at center of discharge
channel /out |l et: 0.91 m fromthe RI GHT bank/shore.
X-axi s points downstream
Y-axis points to left as seen by an observer | ooki ng downstream
Z-axis points vertically upward (in CORM X3, all values Z = 0.00)
NSTEP = 30 display intervals per nodule

BEG N MOD301: DI SCHARGE MODULE

Ef fl ux conditions:
X Y V4 S C BV BH TT
0. 00 0.00 0. 00 1.0 0. 800E-02 0.61 0. 24 . 00000E+00

END OF MOD301: DI SCHARGE MODULE

BEG N MOD302: ZONE OF FLOW ESTABLI SHVENT
Control vol une infl ow
X Y Z S C BV BH TT
0. 00 0.00 0.00 1.0 0. 800E-02 0. 61 0. 24 . 00000E+00

Profile definitions:

BV = Gaussian 1/e (37% vertical thickness

BH = Gaussian 1/e (37% horizontal half-width, normal to trajectory

S = hydrodynanic centerline dilution

C = centerline concentration (includes reaction efects, if any)

TT = Cumul ative travel tine
Control vol une outfl ow S| GVAE= 81.11

X Y Z S C BV BH TT
0. 07 0.43 0. 00 1.0 0.800E-02 0.48 0.40 . 23353E+01
Cunul ative travel time = 2.3353 sec

END OF MOD302: ZONE OF FLOW ESTABLI SHVENT

BEG N CORSURF (MOD310): BUOYANT SURFACE JET - NEAR-FI ELD REG ON
Surface jet in deep crossflow wi th weak buoyancy effects.

Profile definitions:

BV = Gaussian 1/e (37% vertical thickness

BH = Gaussian 1/e (37% horizontal half-width, normal to trajectory
S = hydrodynanic centerline dilution

C = centerline concentration (includes reaction efects, if any)

TT = Curmul ative travel tine
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X Y Z S C BV BH TT

0. 07 0.43 0. 00 1.0 0. 800E-02 0. 48 0.40 .23353E+01
JET REGON is INSIGNIFICANT in its spatial extent!

0. 07 0.43 0. 00 1.0 0. 800E-02 0. 67 0.56 .23353E+01
Buoyant jet regine ends with local CR TI CAL CONDI TI ONS.
Cunul ative travel time = 2. 3353 sec

END OF CORSURF (MOD310): BUOYANT SURFACE JET - NEAR-FlI ELD REG ON

** End of NEAR-FI ELD REG ON (NFR) **

The initial plume WDTH THI CKNESS VALUE in the next far-field module will be
CORRECTED by a factor 0.57 to conserve the mass flux in the far-field!

BEG N MOD341: BUOYANT AMBI ENT SPREADI NG

Because of the WEAK VERTI CAL M XING the surface plunme in the far-field
will be vertically Iimted WTH N THE UPPER LAYER of the anbi ent
stratification.

Profile definitions:

BV = top-hat thickness, neasured vertically

BH = top-hat half-w dth, neasured horizontally from bank/shoreline

S = hydrodynani c average (bul k) dilution

C = average (bul k) concentration (includes reaction effects, if any)
TT = Cumul ative travel tine

Plume Stage 1 (not bank attached):
X Y z S C BV BH TT

0. 07 0.43 0. 00 1.0 0. 800E-02 0.38 0. 32 . 23353E+01
0.31 0. 43 0. 00 1.0 0. 775E-02 0. 34 0. 37 .34324E+01
0. 55 0.43 0. 00 1.1 0.752E-02 0.31 0.42 .45294E+01
0.79 0.43 0. 00 1.1 0. 734E-02 0.29 0.47 .56265E+01
1.04 0. 43 0. 00 1.1 0.719E-02 0. 27 0.51 .67235E+01
1.28 0.43 0. 00 1.1 0. 706E-02 0.25 0.55 . 78205E+01
1.52 0. 43 0. 00 1.2 0.694E-02 0.24 0.59 .89176E+01
1.76 0.43 0. 00 1.2 0.684E-02 0. 23 0. 63 . 10015E+02
2.01 0. 43 0. 00 1.2 0.675E-02 0.22 0.67 .11112E+02
2.25 0.43 0. 00 1.2 0.667E-02 0.21 0.71 . 12209E+02
2.49 0. 43 0. 00 1.2 0.659E-02 0.21 0.74 . 13306E+02
2.73 0. 43 0. 00 1.2 0.652E-02 0. 20 0.78 . 14403E+02
2.98 0. 43 0. 00 1.2 0. 645E-02 0.19 0. 81 . 15500E+02
3.22 0. 43 0. 00 1.3 0.639E-02 0.19 0.84 . 16597E+02
3. 46 0. 43 0. 00 1.3 0. 633E-02 0. 18 0.88 . 17694E+02
3.70 0. 43 0. 00 1.3 0.627E-02 0.18 0.91 . 18791E+02
3.95 0. 43 0. 00 1.3 0.622E-02 0. 17 0.94 . 19888E+02
4.19 0. 43 0. 00 1.3 0.617E-02 0.17 0. 97 . 20985E+02
4.43 0. 43 0. 00 1.3 0.612E-02 0. 17 1. 00 . 22082E+02
4. 67 0. 43 0. 00 1.3 0.607E-02 0. 16 1. 03 . 23179E+02
4.92 0. 43 0. 00 1.3 0.602E-02 0.16 1. 06 .24276E+02
5.16 0.43 0. 00 1.3 0.598E-02 0. 16 1. 09 . 25373E+02
5. 40 0. 43 0. 00 1.3 0.593E-02 0.16 1.12 . 26470E+02
5. 64 0.43 0. 00 1.4 0.589E-02 0. 15 1. 15 . 27567E+02
5.89 0. 43 0. 00 1.4 0.584E-02 0.15 1.18 . 28664E+02
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6.13 0.43 0. 00 1.4 0.580E-02 0.15 1.21 .29761E+02
** CMC HAS BEEN FOUND **
The pol lutant concentration in the plume falls bel ow CMC val ue of 0.580E-02
in the current prediction interval.
This is the extent of the TOXI C DI LUTI ON ZONE

6. 37 0. 43 0. 00 1.4 0.576E-02 0. 15 1.23 . 30858E+02

6. 61 0. 43 0. 00 1.4 0.572E-02 0. 15 1.26 . 31956E+02

6. 86 0. 43 0. 00 1.4 0.568E-02 0.14 1.29 . 33053E+02

7.10 0. 43 0. 00 1.4 0.563E-02 0. 14 1.31 . 34150E+02

7.34 0. 43 0. 00 1.4 0.559E-02 0.14 1.34 . 35247E+02
Cunul ative travel time = 35. 2467 sec

Plune is ATTACHED to RI GHT bank/ shor e.
Pl ume width is now determ ned from Rl GHT bank/shore

Plume Stage 2 (bank attached):

X Y Z S C BV BH 1T
7.34 -0.91 0. 00 1.4 0.560E-02 0.14 2.68 . 35247E+02
14. 50 -0.91 0. 00 1.7 0.479E-02 0.14 3.41 . 67649E+02
21. 67 -0.91 0. 00 2.0 0.401E-02 0.15 4. 06 .10005E+03

** WATER QUALI TY STANDARD OR CCC HAS BEEN FOUND **

The pol lutant concentration in the plume falls bel ow water quality standard
or CCC value of 0.373E-02 in the current prediction interval.

This is the spatial extent of concentrations exceeding the water quality
standard or CCC val ue.

28. 83 -0.91 0. 00 2.4 0.332E-02 0. 16 4. 67 .13245E+03
35.99 -0.91 0. 00 2.9 0.274E-02 0. 18 5.24 . 16486E+03
43. 15 -0.91 0. 00 3.5 0.227E-02 0.21 5.78 . 19726E+03
50. 31 -0.91 0. 00 4.2 0.190E-02 0.24 6.29 . 22966E+03
57.48 -0.91 0. 00 5.0 0. 160E-02 0. 27 6.79 . 26206E+03
64. 64 -0.91 0. 00 5.9 0.136E-02 0.31 7.26 .29447E+03
71. 80 -0.91 0. 00 6.9 0.116E-02 0.35 7.73 .32687E+03
78. 96 -0.91 0. 00 8.0 0.100E-02 0. 39 8.18 . 35927E+03
86. 13 -0.91 0. 00 9.2 0.874E-03 0.44 8.61 .39167E+03
** REGULATORY M XI NG ZONE BOUNDARY **

In this prediction interval the plunme DOANSTREAM di st ance neets or exceeds

the regul atory value = 91.44 m
This is the extent of the REGULATORY M XI NG ZONE.

93. 29 -0.91 0. 00 10.4 0. 766E-03 0. 48 9. 04 .42407E+03
100. 45 -0.91 0. 00 11.8 0.676E-03 0. 53 9.46 .45648E+03
107. 61 -0.91 0. 00 13.3 0. 600E-03 0. 59 9. 87 .48888E+03
114. 77 -0.91 0. 00 15.0 0.535E-03 0. 64 10. 27 .52128E+03
121.94 -0.91 0. 00 16.7 0.479E-03 0.70 10. 66 . 55368E+03
129. 10 -0.91 0. 00 18.5 0. 432E-03 0.76 11. 04 . 58609E+03
136. 26 -0.91 0. 00 20.5 0. 390E-03 0. 82 11.42 . 61849E+03
143. 42 -0.91 0. 00 22.6 0.354E-03 0. 88 11. 80 . 65089E+03
150. 59 -0.91 0. 00 24.8 0.322E-03 0. 95 12. 16 . 68329E+03
157. 75 -0.91 0. 00 27.2 0. 294E-03 1.02 12.52 . 71570E+03
164. 91 -0.91 0. 00 29.7 0. 269E-03 1.09 12.88 . 74810E+03
172. 07 -0.91 0. 00 32.3 0. 247E-03 1.16 13. 23 . 78050E+03
179. 23 -0.91 0. 00 35.1 0. 228E-03 1.24 13. 58 . 81290E+03
186. 40 -0.91 0. 00 38.1 0.210E-03 1.31 13.92 . 84531E+03
193. 56 -0.91 0. 00 41.2 0.194E-03 1.39 14. 26 .87771E+03
200. 72 -0.91 0. 00 44,4 0.180E-03 1. 47 14. 60 . 91011E+03
207. 88 -0.91 0. 00 47.8 0. 167E-03 1.55 14. 93 . 94251E+03
215. 05 -0.91 0. 00 51.4 0. 156E-03 1.64 15. 26 . 97491E+03
222.21 -0.91 0. 00 55.2 0. 145E-03 1.72 15. 58 . 10073E+04

Cunul ative travel tine = 1007. 3170 sec
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END OF MOD341: BUOYANT AMBI ENT SPREADI NG

BEG N MOD361: PASSI VE AVBI ENT M XI NG I N UNI FORM AMBI ENT

0. 940E- 08 nt2/s
0. 304E-01 nt2/s

Vertical diffusivity (initial value)
Hori zontal diffusivity (initial value)

Profile definitions:
BV = Gaussian s.d.*sqrt(pi/2) (46% thickness, neasured vertically
or equal to water depth, if fully m xed

BH = Gaussian s.d.*sqrt(pi/2) (46% half-wi dth
measured horizontally in Y-direction
S = hydrodynamic centerline dilution
C = centerline concentration (includes reaction efects, if any)
TT = Cumul ative travel tinme
Plume Stage 2 (bank attached):

X Y z S C BV BH TT
222.21 -0.91 0. 00 55.2 0. 145E-03 1.72 15.58 . 10073E+04
331. 47 -0.91 0. 00 62.0 0.129E-03 1.72 17.03 . 15016E+04
440.73 -0.91 0. 00 72.4 0.110E-03 1.72 18. 36 . 19959E+04
549. 99 -0.91 0. 00 85.2 0.939E-04 1.72 19. 60 . 24902E+04
659. 25 -0.91 0. 00 99.5 0. 804E-04 1.72 20. 77 . 29845E+04
768. 51 -0.91 0. 00 114.4 0. 699E- 04 1.72 21.87 .34788E+04
877.77 -0.91 0. 00 129.2 0. 619E-04 1.72 22.92 .39731E+04
929. 35 -0.91 0. 00 135.8 0.591E-04 1.72 23.40

Cunul ative travel tinme = 4206. 4517 sec

CORM X prediction has been TERM NATED at | ast prediction interval.
Limting distance due to Tl DAL REVERSAL has been reached.

END OF MOD361: PASSI VE AMBI ENT M XI NG | N UNI FORM ANMBI ENT

CORM X3: Buoyant Surface D scharges End of Prediction File
3333333333333333333333333333333333333333333333333333333333333333333333333333333
3
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CORM X SESSI ON REPORT:
OO0 000 00000.090.000.0.000.0000.000.0000000.000009.0.000.000.000.0.000.000.0.000.000.0000.000.000.64
CORM X M XI NG ZONE EXPERT SYSTEM
CORM X Version 6.0GT
HYDRO3: Versi on-6.0. 0.0 Cctober, 2009

S| TE NAME/ LABEL: SIM

DESI GN CASE: JD300400GPMeFi nal 6. 0

FI LE NAME:
P:\M xing\Critical Di schargeScenari os\ V. 6. 0\ 400G°PMFi nal Ri ver\ JD300400GPMcFi nal 6.
OR prd

Usi ng subsyst em CORM X3: Buoyant Surface Di scharges

Start of session: 03/ 26/ 2010- - 14: 57: 13

R R R I Sk I S R R R Ik kR R SRR R Rk kS R RO Rk Sk kb R R Rk kR I R Ak Sk e O O

SUWMMARY OF | NPUT DATA:

AMBI ENT PARAMETERS:

Cross-section = bounded
Wdt h BS = 158.50 m
Channel regularity | CHREG = 1
Ambi ent flowate QA = 293.73 m3/s
Aver age depth HA =8.39 m
Dept h at di scharge HD =5.87 m
Dar cy- Wi sbach friction factor F = 0.0242
Cal cul ated from Manning's n = 0.025
Wnd velocity uw = 8.5 ns
TI DAL SI MULATI ON at tine Tsim = 3 hours
| nst ant aneous anbi ent velocity UA = 0.221 ms
Maxi mum tidal velocity UaMAX = 0.359 m's
Rate of tidal reversal dupa/dt = 0.0737 (m s)/ hour
Period of reversal T = 12. 4 hours
Stratification Type STRCND = B
Surface density RHOAS = 1001. 0000 kg/ m'3
Bottom density RHOAB = 1019. 0000 kg/ n3
Stratification height H NT = 2.35 m (pycnocline |evel)
Density bel ow pycnocline RHOAP = 1019. 0000 kg/ nt3
DI SCHARGE PARAMETERS: Surface Di scharge

Di scharge | ocated on
Di scharge configuration

ri ght bank/shoreline
protrudi ng di scharge

Di stance from bank to outl et DISTB = 0.91 m
Di scharge angl e SIGVA = 90 deg
Dept h near di scharge outl et HDO =587 m
Bott om sl ope at di scharge SLOPE = 0 deg
Crcul ar pipe dianeter = 0.6096 m
Equi val ent rectangul ar di scharge:
Di scharge cross-section area A0 = 0.291864 m2
Di scharge channel wi dth BO = 0.478779 m
D scharge channel depth HO = 0.6096 m
Di scharge aspect ratio AR = 1.273240
Di scharge fl ow ate Q = 0. 053935 m3/s
Di scharge velocity wo = 0.18 m's
Di scharge tenperature (freshwater) = 10 degC
Correspondi ng density RHOO = 999.7019 kg/ m3
Density difference DRHO = 1.2981 kg/ m3
Buoyant accel erati on GPO = 0.0127 nm s"2
Di scharge concentrati on Cco = 0.008 ny/|
Surface heat exchange coeff. KS =0 nls
Coef ficient of decay KD =0/s

DI SCHARGE/ ENVI RONIVENT LENGTH SCALES:
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LQ =0.54 m Lm = 0.45 m Lbb = 0.06 m
LM =1.21 m

UNSTEADY TI DAL SCALES:
Tu = 0.1722 hours Lu = 7.87 m Lmin= 0.28 m

NON- DI MENSI ONAL PARAMETERS:

Densi netric Froude nunber FRO = 2.24 (based on LQ
Channel densinetric Froude no. FRCH = 2.11 (based on HO)
Vel ocity ratio R = 0.84

M XI NG ZONE / TOXI C DI LUTI ON ZONE / AREA OF | NTEREST PARAMETERS:
Toxi ¢ di scharge = yes
CMC concentration cMC = 0.0058 ny/ |
CCC concentration CCcC = 0.00373 no/ |
Water quality standard specified = given by CCC val ue
Regul at ory m xi ng zone = yes
Regul atory m xi ng zone specification = di stance
Regul atory m xi ng zone val ue =91.44 m(m2 if area)
Regi on of interest = 3500 m

R R R I S R Ik Ok kR I IRk kS e O R Rk kR RO R Ik Sk kb R R R ek S b e O

HYDRCDYNAM C CLASSI FI CATI ON:
* *

| FLOWCLASS = FJ2 |

R R IR I S R I R R IRk Ok kR e R R R b R R Rk b Sk Sk S ARk R R ok kR R b kR R R e kS b S S O R

M XI NG ZONE EVALUATI ON (hydrodynam ¢ and regul atory sunmary):

X-Y-Z Coordi nate system
Oiginis located at water surface and at centerline of discharge channel:
0.91 mfromthe right bank/shore.
Nunber of display steps NSTEP = 30 per nodul e.

NEAR- FI ELD REG ON (NFR) CONDI Tl ONS :

Note: The NFR is the zone of strong initial mixing. |t has no regulatory
inmplication. However, this information may be useful for the discharge
desi gner because the mixing in the NFRis usually sensitive to the
di scharge desi gn conditions.

Pol | utant concentration at NFR edge c¢ = 0.008 ny/l
Dilution at edge of NFR s =1
NFR Locati on: X = 0.07 m
(centerline coordinates) y =0.43 m
z=0m
NFR pl une di mensions: half-width (bh) = 0.56 m
thi ckness (bv) = 0.67 m

Cunul ative travel tine: 2. 3353 sec.
Buoyancy assessnent:
The effluent density is less than the surroundi ng anbi ent water
density at the discharge |evel.
Therefore, the effluent is POSI TI VELY BUOYANT and will tend to rise towards
t he surface.
Stratification assessnent:
Due to WEAK VERTICAL M XING the surface plume will be confined to
t he upper |ayer above the pycnocli ne!
PLUME BANK CONTACT SUMVARY:
Pl ume in bounded section contacts one bank only at 7.34 m downstream
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UNSTEADY TI DAL ASSESSMENT:
Because of the unsteadi ness of the anbient current during the tidal
reversal, CORM X predictions have been TERM NATED at :

X = 929.35 m
y =-0.91m
z=0m

For this condition AFTER Tl DAL REVERSAL, m xed water fromthe previous
hal f-cycl e becones re-entrained into the near field of the discharge,
i ncreasing pollutant concentrations conpared to steady-state predictions.
A pool of mxed water fornmed at slack tide will be advected downstream
in this phase.
kkkhkkhkkhkkhkkhkkhkkikhkkhkkhkkhkkhkkikkhkkkk*k TOXI C D LLJTI O\l ZO\]E SUM\MRY khkkkhkkhkhkkhkhkhkkhkhkkkkhkkhkkkkkhkhkkkk*%
Recal | : The TDZ corresponds to the three (3) criteria issued in the USEPA
Techni cal Support Docunent (TSD) for Water Quality-based Toxics Control,
1991 ( EPA/ 505/ 2-90-001).

Criterion maxi mum concentration (CMC) = 0.0058 ng/l
Correspondi ng dilution = 1.379310
The CMC was encountered at the follow ng plune position:
Pl unme | ocati on: X =6.14 m
(centerline coordinates) y =0.43 m
z=0m
Pl ume di nmensi on: hal f-width (bh) = 1.21 m
thi ckness (bv) = 0.15 m

Conput ed di stance from port opening to CMC | ocation = 6.15 m

CRITERION 1: This location is within 50 tines the discharge | ength scale of
Lg = 0.54 m

+++++ The di scharge | ength scale TEST for the TDZ has been SATI SFI ED. ++++++

Conput ed hori zontal distance fromport opening to CMC | ocation = 6.15 m
CRITERION 2: This location is within 5 tinmes the anbi ent water depth of

HD = 5.87 m
++++++++++ The anbi ent depth TEST for the TDZ has been SATI SFI ED. ++++++++++

Conput ed di stance fromport opening to CMC location = 6.15 m
CRITERION 3: This location is within one tenth the distance of the extent
of the Regulatory M xing Zone of 91.44 min any
spatial direction fromthe port opening.
+++++ The Regul atory M xi ng Zone TEST for the TDZ has been SATI SFI ED. ++++++

The diffuser discharge velocity is equal to 0.18 nis.
This is below the value of 3.0 mis recommended in the TSD.

*** Al three CMC criteria for the TDZ are SATISFIED for this discharge. ***
EIRE R Ik b b b S b b S b b S REGJLATmY Mxl NG ZO\'E SU'V'VAR R IR R S I b b b b S b S I
The plunme conditions at the boundary of the specified RVZ are as foll ows:

Pol | utant concentrati on c = 0.000793 nu/l
Correspondi ng dilution s = 10.1
Pl une | ocati on: X =91.44 m
(centerline coordinates) y =-0.91m
z=0m
Pl une di nmensi ons: hal f-width (bh) = 8.93 m
t hi ckness (bv) = 0.47 m
Cunul ative travel time: 415. 7134 sec.

At this position, the plunme is CONTACTI NG the RI GHT bank.

Furthernore, the CCC for the toxic pollutant has indeed been net
within the RMZ. In particular:

The CCC was encountered at the follow ng plunme position:

The CCC for the toxic pollutant was encountered at the foll ow ng
pl une position:
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CcC = 0.00373 ng/l
Correspondi ng dilution = 2.1
Pl unme | ocati on: X = 24.43 m
(centerline coordinates) y =-0.91m
z=0m
Pl une di mensi ons: hal f-width (bh) = 4.30 m
thi ckness (bv) = 0.15 m

kkkhkkhkkkkhkkhkkkhkkhkkhkkkkhkkhkkkkhkhx FI NAL ESIG\I ADVI (:E AND (:OVIVENTS kkkkkkhkkhkkhkhkhkkhkkhkkhkkikkhkkhkkikkhkkk

REM NDER: The user nust take note that HYDRODYNAM C MCODELI NG by any known
techni que is NOT AN EXACT SCl ENCE.

Ext ensive conparison with field and | aboratory data has shown that the
CORM X predictions on dilutions and concentrations (w th associ ated
pl ume geonetries) are reliable for the majority of cases and are accurate
to within about +-50% (standard devi ation).

As a further safeguard, CORM X will not give predictions whenever it judges
the design configuration as highly conplex and uncertain for prediction.
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CORM X1 PREDI CTI ON FI LE:
1112211112222111222111222112222111222111222111222111222111122111222111221111221111121
11111111112111111
CORM X M XI NG ZONE EXPERT SYSTEM
Subsystem CORM X1: Single Port Discharges
CORM X Version 6.0GT
HYDROL Version 6.0.0.0 Cctober 2009

CASE DESCRI PTI ON

Site name/l abel : SI M

Desi gn case: JD300400GPMeFi nal 6. 0

FI LE NAME: P:\...\V.6.0\400GPMFi nal Ri ver\ JD300400GPMeFi nal 6. OR. prd
Ti me stanp: Fri Mar 26 14:59:19 2010

ENVI RONVENT PARAMETERS (metric units)
Bounded secti on

BS = 158.50 AS = 1004.26 QA = 115.49 I CHREG= 1

HA = 6.34 HD = 4. 44

Tidal Sinmulation at TIME = -1.130 h

PERI OD= 12.40 h UAmex = 0. 359 dUa/dt= 0.102 (ms)/h

UA = 0.115 F = 0. 027 USTAR =0. 6621E- 02

uw = 8. 500 UWBTAR=0. 1074E- 01

Density stratified environment

STRCND= B RHOAM = 1008. 2115

RHOAS = 1001. 0000 RHOAB = 1019. 0000 RHOAHO= 1019.0000 E =0. 0000E+00
DRHQJ = 18. 0000 HINT = 1.78 ES =0. 9748E- 01

DI SCHARGE PARAMETERS (netric units)
Above Surface Discharge:
Re- conput ed di scharge conditions at entry point at water surface.

BANK = RIGHT DI STB = 0. 97
DO = 0.081 A0 = 0. 005 HO = 4.44 SUB0 = 0. 00
THETA = 0.00 SIGWA = 90. 00
uo = 5.583 Q0 = 0. 029 =0. 2856E- 01
RHOO = 999.7019 DRHO =0.1930E+02 GPO  =0. 1857E+00
0 =0. 1500E+00 CUNITS= nu/l
IPOLL = 1 KS =0. 0000E+00 KD =0. 0000E+00
FLUX VARI ABLES (netric units)
Q =0. 2856E-01 M =0. 1594E+00 JO =0. 5304E- 02 SIGNJO= 1.0
Associ ated I ength scales (nmeters)
LQ = 0.07 LM = 3.46 Lm = 3.47 Lb = 3. 49
Lmp = 1.13 Lbp = 0. 65
Ti dal : Tu = 0.2204 h Lu = 17.799 Lmin = 0. 199
NON- DI MENSI ONAL PARAMETERS
FRO = 45.60 R = 48. 55

FLOW CLASSI FI CATI ON
1112211117221111222111222111122211112211112111
1 Flow class (CORM X1) = I V5 1
1 Applicable layer depth HS = 2.66 1
11122111122111122211122211122211117122111122111

M XI NG ZONE / TOXIC DI LUTI ON / REG ON OF | NTEREST PARAMETERS
Cco =0. 1500E+00 CUNITS= ny/l
NTOX = 1 CMC =0.5800E-02 cCCcC = CSTD
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NSTD = 1 CSTD =0. 3730E-02

REGWE = 1

REGSPC= 1 XREG = 91.44 WREG = 0.00 AREG = 0. 00
XINT = 3500. 00 XMAX = 3500. 00

X-Y-Z COCRDI NATE SYSTEM
OCRIAN is located at the bottom and bel ow the center of the port:
0.97 m fromthe R GHT bank/shore
X-axis points downstream Y-axis points to left, Z-axis points upward.
NSTEP = 30 display intervals per nodul e

BEG N MOD101: DI SCHARGE MODULE

X Y Z S C B Uc 1T
0. 00 0. 00 4.44 1.0 0.150E+00 0.04 5. 583 . 00000E+00

END OF MOD101: DI SCHARGE MODULE

BEG N CORJET (MOD110): JET/ PLUVME NEAR-FI ELD M XI NG REG ON
Jet/plune transition notion in weak crossfl ow.

Zone of flow establishnent: THETAE= -88.88 S| GVAE= 64. 04
LE = 0.38 XE = 0.00 VYE = 0.01 ZE = 4. 06

Profile definitions:

B = Gaussian 1l/e (37% half-width, normal to trajectory

S = hydrodynani c centerline dilution

C = centerline concentration (includes reaction effects, if any)

Uc = Local centerline excess velocity (above anbient)

TT = Currul ative travel tine
X Y Z S C B Uc T

0. 00 0. 00 4. 44 1.0 0.150E+00 0.04 5.583 . 00000E+00
0. 00 0.01 4.06 1.0 0.150E+00 0.04 5.583 .24491E-02
0. 00 0.01 3.95 1.1 0.133E+00 0.05 5. 583 .19615E- 01
0.01 0.01 3.82 1.4 0.106E+00 0.07 4.616 .45015E-01
0.01 0.01 3. 69 1.7 0.875E-01 0. 08 3.814 . 76243E-01
0.02 0.02 3.58 2.0 0.763E-01 0.10 3. 315 . 10769E+00
0. 02 0.02 3. 45 2.3 0.663E-01 0.11 2.871 . 14988E+00
0. 03 0.02 3.32 2.6 0.587E-01 0.12 2.527 . 19809E+00
0.04 0.02 3.21 2.8 0.533E-01 0.14 2.288 . 24425E+00
0. 05 0.02 3.08 3.1 0.482E-01 0.15 2. 057 . 30386E+00
0. 07 0.03 2.96 3.4 0.440E-01 0.17 1.863 . 36977E+00
0.08 0.03 2.85 3.7 0.409E-01 0.18 1.721 . 43138E+00
0.10 0.03 2.72 4.0 0.377E-01 0.19 1.577 . 50936E+00
0.12 0.03 2.59 4.3 0.350E-01 0.21 1.452 . 59407E+00
0.14 0.03 2.48 4.5 0.330E-01 0.22 1. 356 . 67217E+00
0.16 0.04 2.36 4.9 0.309E-01 0.24 1. 256 . 76988E+00
0.19 0.04 2.23 5.2 0.290E-01 0. 26 1. 166 . 87491E+00
0.21 0.04 2.12 5.5 0. 275E-01 0. 27 1. 096 . 97096E+00
0.24 0.04 2.00 5.8 0. 260E-01 0. 29 1. 022 . 10903E+01
0. 27 0.05 1.89 6.1 0.247E-01 0.30 0. 962 . 11990E+01
0. 30 0. 05 1.77 6.4 0.234E-01 0. 32 0. 899 . 13337E+01
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0. 34 0. 05 1.64 6.7 0.223E-01 0. 34 0. 840 . 14772E+01
0. 37 0. 05 1.54 7.0 0.213E-01 0. 35 0.792 . 16075E+01
0.41 0. 06 1.42 7.4 0.203E-01 0. 37 0.741 . 17685E+01
0. 46 0. 06 1.30 7.8 0.193E-01 0. 39 0. 692 . 19395E+01
0.50 0. 06 1.19 8.1 0.186E-01 0. 40 0. 653 . 20945E+01
0.55 0. 06 1.07 8.5 0.177E-01 0. 42 0.610 . 22857E+01
0.61 0. 07 0. 96 8.8 0.170E-01 0. 44 0. 569 . 24886E+01
0. 65 0. 07 0. 86 9.2 0.163E-01 0. 46 0.536 . 26724E+01
0.71 0. 07 0.74 9.6 0.156E-01 0. 48 0. 499 . 28989E+01
0.78 0. 07 0. 63 10.0 0. 150E-01 0.50 0. 464 . 31392E+01
0. 84 0. 07 0. 54 10.4 0. 145E-01 0. 52 0. 435 . 33568E+01
Cunul ative travel tinme = 3. 3568 sec

END OF CORJET (MOD110): JET/ PLUME NEAR- FI ELD M XI NG REG ON

BEG N MOD132: LAYER BOUNDARY | MPI NGEMENT/ UPSTREAM SPREADI NG

Vertical angle of |ayer/boundary inpi ngenent = -58. 09 deg
Hori zontal angle of |ayer/boundary inpingenent = 2.16 deg
UPSTREAM | NTRUSI ON PROPERTI ES:
Upstreamintrusion length = 2.28 m
X-position of upstream stagnation point = -1.45 m
Thi ckness in intrusion region = 0.60 m
Hal f -wi dth at downstream end = 3.62 m
Thi ckness at downst ream end = 0.60 m
Control volune inflow
X Y z S C B TT
0. 84 0. 07 0.54 10.4 0. 145E-01 0. 52 . 33568E+01

Profile definitions:

BV = top-hat thickness, neasured vertically
BH = top-hat half-wi dth, measured horizontally in Y-direction
ZU = upper plunme boundary (Z-coordinate)
ZL = |l ower plunme boundary (Z-coordinate)
S = hydrodynani c average (bul k) dilution
C = average (bul k) concentration (includes reaction effects, if any)
TT = Cumul ative travel tine
X Y z S C BV BH ZU ZL
TT
-1.45 0. 07 0.00 9998.0 0.000E+00 0.00 0. 00 0. 00 0. 00
. 19103E+02

** CMC HAS BEEN FOUND **
The pol | utant concentration in the plume falls bel ow CMC val ue of 0.580E-02
in the current prediction interval.
This is the extent of the TOXI C DI LUTI ON ZONE
**WATER QUALI TY STANDARD OR CCC HAS BEEN FOUND**
The pol lutant concentration in the plune falls bel ow water quality standard
or CCC value of 0.373E-02 in the current prediction interval.
This is the spatial extent of concentrations exceeding the water quality
standard or CCC val ue

-1.36 0. 07 0. 00 46.8 0. 320E-02 0.13 0.51 0. 13 0. 00
. 33568E+01

-0. 96 0. 07 0. 00 19.4 0.773E-02 0. 32 1.24 0.32 0. 00
. 33568E+01
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-0. 56 0. 07 0. 00 14.6 0. 103E-01 0. 43 1.68 0. 43 0. 00
. 33568E+01

-0.16 0. 07 0. 00 12.4 0.121E-01 0.50 2.03 0.50 0. 00
. 33568E+01
0. 24 0. 07 0. 00 11.3 0.133E-01 0. 56 2.32 0. 56 0. 00
. 33568E+01
0. 64 0. 07 0. 00 10.6 0. 141E-01 0. 59 2.59 0. 59 0. 00
. 33568E+01
1.04 0. 07 0. 00 10.4 0. 144E-01 0. 60 2.82 0. 60 0. 00
. 33568E+01
1. 44 0. 07 0. 00 11.3 0.133E-01 0. 60 3.04 0. 60 0. 00
. 62690E+01
1.84 0. 07 0. 00 14.5 0. 104E-01 0. 60 3.25 0. 60 0. 00
. 10547E+02
2.25 0. 07 0. 00 16.8 0. 895E-02 0. 60 3.44 0. 60 0. 00
. 14825E+02
2.65 0. 07 0. 00 17.6 0.851E-02 0. 60 3.62 0. 60 0. 00
. 19103E+02
Cunul ative travel tinme = 19. 1029 sec

END OF MOD132: LAYER BOUNDARY | MPI NGEMENT/ UPSTREAM SPREADI NG

** End of NEAR-FIELD REG ON (NFR) **

In this design case, the discharge is | ocated CLOSE TO BANK/ SHORE.
Sone boundary interaction occurs at end of near-field.

This may be related to a design case with a very LOW AMBI ENT VELOCI TY.

The dilution values in one or nore of the preceding zones may be too high.
Carefully evaluate results in near-field and check degree of interaction

Consi der locating outfall further away from bank or shore.
In the next prediction nodule, the plume centerline will be set
to foll ow the bank/shore.

BEG N MOD141: BUOYANT AMBI ENT SPREADI NG

Pl unme is ATTACHED to RI GHT bank/ shore.
Plune width is now determ ned from Rl GHT bank/ shore.

Profile definitions:

BV = top-hat thickness, neasured vertically
BH = top-hat hal f-w dth, nmeasured horizontally in Y-direction
ZU = upper plunme boundary (Z-coordinate)
ZL = | ower plunme boundary (Z-coordinate)
S = hydrodynani c average (bul k) dilution
C = average (bul k) concentration (includes reaction effects, if any)
TT = Curmul ative travel tine
Pl une Stage 2 (bank attached):
X Y Z S C BV BH ZU ZL
TT
2.65 -0.97 0. 00 17.6 0.851E-02 0.94 4. 67 0.94 0. 00
. 19103E+02
25. 57 -0.97 0.00 24.1 0.623E-02 0.41 14. 49 0.41 0. 00
. 21837E+03
48. 49 -0.97 0. 00 28.6 0.524E-02 0.33 21.52 0. 33 0. 00
. 41763E+03
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71. 41 -0.97 0. 00 34.2 0.439E-02 0.31 27. 48 0.31 0. 00
. 61690E+03
** REGULATORY M XI NG ZONE BOUNDARY **
In this prediction interval the plunme DOMNSTREAM di stance neets or exceeds

the regul atory val ue = 91.44 m
This is the extent of the REGULATORY M XI NG ZONE

94. 33 -0.97 0. 00 41.3 0. 363E-02 0. 32 32.83 0. 32 0. 00
. 81617E+03

117. 25 -0.97 0. 00 50.4 0. 298E-02 0. 34 37.75 0.34 0. 00
. 10154E+04

140. 17 -0.97 0. 00 61.6 0.243E-02 0. 37 42. 36 0. 37 0. 00
. 12147E+04

163. 09 -0.97 0. 00 75.1 0. 200E-02 0.41 46. 73 0.41 0. 00
. 14140E+04

186. 02 -0.97 0. 00 91.1 0. 165E-02 0. 45 50. 90 0. 45 0. 00
. 16132E+04

208. 94 -0.97 0. 00 109.6 0.137E-02 0.51 54. 92 0.51 0. 00
. 18125E+04

231. 86 -0.97 0. 00 130.7 0.115E-02 0. 57 58. 80 0.57 0. 00
. 20118E+04

250. 10 -0.97 0. 00 149.8 0. 101E-02 0. 62 61. 79 0. 62 0. 00
Cunul ative travel tine = 2170. 3081 sec

CORM X prediction has been TERM NATED at | ast prediction interval.
Limting distance due to TlI DAL REVERSAL has been reached.

END OF MOD141: BUOYANT AMBI ENT SPREADI NG

CORM X1: Single Port D scharges End of Prediction File
111211111222111222111222111222112222111222111222111122211122211122211122211112221111121
1111111112121111121
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CORM X SESSI ON REPORT:
OO0 000 00000.090.000.0.000.0000.000.0000000.000009.0.000.000.000.0.000.000.0.000.000.0000.000.000.64
CORM X M XI NG ZONE EXPERT SYSTEM
CORM X Version 6.0GT
HYDROL: Versi on-6.0. 0.0 Cctober, 2009

S| TE NAME/ LABEL: SIM

DESI GN CASE: JD300400GPMeFi nal 6. 0

FI LE NAME:
P:\M xing\Critical Di schargeScenari os\ V. 6. 0\ 400G°PMFi nal Ri ver\ JD300400GPMeFi nal 6.
OR prd

Usi ng subsyst em CORM X1: Singl e Port Discharges

Start of session: 03/ 26/ 2010- - 14: 59: 19

R R IR R Sk I R R IRk Ok kR S R AR R Rk kS S R R R Sk kI R R o Sk kR I Rk S e O S

SUMMARY OF | NPUT DATA:

AMBI ENT PARAMETERS:

Cross-section = bounded
W dt h BS = 158.50 m
Channel regularity | CHREG = 1
Ambi ent flowate QA = 115.49 m\3/s
Aver age depth HA =6.34 m
Dept h at di scharge HD =4.44 m
Dar cy- Wi sbach friction factor F = 0. 0265
Cal cul ated from Manning's n = 0.025
Wnd velocity uw = 8.5 ns
TI DAL SI MULATI ON at tine Tsim = -1.13 hours
| nst ant aneous anbi ent velocity UA = 0.115 m's
Maxi mum ti dal velocity UaMAX = 0.359 m's
Rate of tidal reversal dupa/dt = 0.1018 (m s)/ hour
Period of reversal T = 12. 4 hours
Stratification Type STRCND = B
Surface density RHOAS = 1001. 0000 kg/ m3
Bottom density RHOAB = 1019. 0000 kg/ n'3
Stratification height HNT = 1.78 m (pycnocline |evel)
Density bel ow pycnocline RHOAP = 1019. 0000 kg/ nt3
Dl SCHARGE PARAMETERS: Single Port Discharge
Near est bank = right
Di stance to bank DISTB = 0.97 m
Port di anmeter DO = 0.0807 m
Port cross-sectional area A0 = 0.0051 nt2
Di scharge vel ocity wo = 5.58 m's
D scharge flowate Q = 0.028558 m3/s
Di scharge port height HO =4.44 m
Vertical discharge angle THETA = -89.00 deg
Hori zont al di scharge angl e SIGVA = 90 deg
Di scharge tenperature (freshwater) = 10 degC
Correspondi ng density RHOO = 999. 7019 kg/ m3
Density difference DRHO = 19.2981 kg/ m3
Buoyant accel erati on GPO = 0. 1857 nis"2
Di scharge concentrati on Cco = 0.15 ny/l
Surface heat exchange coeff. KS =0 nls
Coef ficient of decay KD =0/s
DI SCHARGE/ ENVI RONVENT LENGTH SCALES:
LQ =0.07 m Lm = 3.47 m Lb =3.49 m
LM = 3.46 m Lm = 1.13 m Lb' = 0.65 m
UNSTEADY Tl DAL SCALES:
Tu = 0.2204 hours Lu =17.80 m Lmin= 0.20 m
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NON- DI MENSI ONAL PARAMETERS:

Port densinetric Froude number FRO = 45.60
Vel ocity ratio R = 48.55
M XI NG ZONE / TOXI C DI LUTI ON ZONE / AREA OF | NTEREST PARAMETERS
Toxi ¢ di scharge = yes
CMC concentration CcMC = 0.0058 ny/|
CCC concentration CCcC = 0.00373 ny/ |
Water quality standard specified = given by CCC val ue
Regul atory m xi ng zone = yes
Regul at ory m xi ng zone specification = di stance
Regul atory m xi ng zone val ue =91.44 m(m2 if area)
Regi on of interest = 3500 m

R R I S R S R IRk Ok kR I IRk kI b kR R ARk kb kR Ak Sk R Rk R R ek S S Rk

HYDRCDYNAM C CLASSI FI CATI ON:
* *

| FLOWCLASS = 1V5

This flow configuration applies to a |layer corresponding to |lower stratified
density layer at the discharge site. The density junp at the pycnocline
confines the flowto the | ower |ayer.

Applicable |layer depth = |lower |ayer depth = 2.66 m

R R R I S R R Ik Sk kR e R R R R ek kR Ik Sk Sk R Rk kO R ok kR R R R Ok kR R R Ik S R Rk Ok

M XI NG ZONE EVALUATI ON (hydrodynam ¢ and regul atory sunmary):

X-Y-Z Coordi nate system

Oiginis located at the bottom bel ow the port center:
0.97 mfromthe right bank/shore
Nunber of display steps NSTEP = 30 per nodul e.

NEAR- FI ELD REG ON (NFR) CONDI Tl ONS :

Note: The NFR is the zone of strong initial mxing. 1t has no regul atory
inmplication. However, this information may be useful for the discharge
desi gner because the mixing in the NFRis usually sensitive to the
di scharge desi gn conditions.

Pol | utant concentration at NFR edge c¢ = 0.0085 ng/|
Dilution at edge of NFR s = 17.6
NFR Locati on: X = 2.65 m
(centerline coordinates) y =0.07 m
z=0m
NFR pl une di mensions: half-width (bh) = 3.62 m
t hi ckness (bv) = 0.60 m

Cunul ative travel tine: 19. 1029 sec.

Buoyancy assessnent:
The effluent density is |less than the surroundi ng anbi ent water
density at the discharge |evel
Therefore, the effluent is POSI TI VELY BUOYANT and will tend to rise towards
the surface.

Stratification assessnent:
The specified two | ayer anbient density stratification is dynamically
i mportant. The discharge near field floww Il be confined to the | ower
| ayer by the anbient density stratification.
Furthernore, it is trapped at the pycnocline by the anbient density
j unp.

UPSTREAM | NTRUSI ON  SUMVARY:

Pl unme exhibits upstreamintrusion due to | ow anbient velocity or strong
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di scharge buoyancy.

Intrusion length = 2.28 m
I ntrusion stagnati on point = -1.45m
I ntrusion thickness = 0.60 m
Intrusion half width at inpingenent = 3.62 m
Intrusion half thickness at inpingenent = 0.60 m

PLUVE BANK CONTACT SUMVARY:
Plunme in bounded section contacts one bank only at 2.65 m downstream

UNSTEADY TI DAL ASSESSMENT:
Because of the unsteadi ness of the anbient current during the tidal
reversal, CORM X predictions have been TERM NATED at :

x = 250.10 m
y =-0.97 m
z=0m

For this conditi on BEFORE Tl DAL REVERSAL, extensive re-entrainment
of previously discharged is unlikely.
To determ ne the mninmumdilution, perform additional sinmulations
after slack tide.
kkkkhkkhkkhkkhkkhkkhkhkkhkkhkkhkkkkikkhkkkk*k TOXI C D LLJTI O\l ZO\]E SUM\MRY khkkkhkkhkhkkhkhkhkkhkhkhkkhkhhkkkhkhkkikkk*%
Recal | : The TDZ corresponds to the three (3) criteria issued in the USEPA
Techni cal Support Docunent (TSD) for Water Quality-based Toxics Control,
1991 ( EPA/ 505/ 2-90-001).

Criterion maxi mum concentration (CMC) = 0.0058 ng/l
Correspondi ng dilution = 25. 862069
The CMC was encountered at the foll owi ng plune position:

Pl ume | ocati on: X =-0.26 m

(centerline coordinates) y =0.07 m

z =0.13 m

Pl ue di mensi on: hal f-width (bh) = 1.07 m
t hi ckness (bv) = 0.10 m

Conput ed di stance from port opening to CMC |l ocation = 4.32 m

CRITERION 1: This location is beyond 50 tines the discharge |ength scal e of
Lg = 0.07 m

+++++ The di scharge | ength scale TEST for the TDZ has FAI LED. ++++++

Conput ed hori zontal distance fromport opening to CMC | ocation = 0.27 m
CRITERION 2: This location is within 5 tinmes the anbi ent water depth of

HD = 4.44 m
++++++++++ The anbi ent depth TEST for the TDZ has been SATI SFI ED. ++++++++++

Conput ed di stance fromport opening to CMC location = 4.32 m
CRITERION 3: This location is within one tenth the distance of the extent
of the Regulatory M xing Zone of 91.55 min any
spatial direction fromthe port opening.
+++++ The Regul atory M xi ng Zone TEST for the TDZ has been SATI SFI ED. ++++++

The diffuser discharge velocity is equal to 5.58 nis.
Thi s exceeds the value of 3.0 nmis recomended in the TSD.

*** This di scharge DOES NOT SATISFY all three CMC criteria for the TDZ ****
IR R IR b b b S b b S b b S REGJLATOQY M xl NG ZO\IE SUMVARY ORI Ik S S b S b b S S b S
The plunme conditions at the boundary of the specified RMZ are as foll ows:

Pol | utant concentrati on c = 0.003721 no/l
Correspondi ng dilution s = 40.3
Pl ume | ocati on: X =91.44 m
(centerline coordinates) y =-0.97 m
z=0m
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32.18 m
0.31 m

Pl une di nmensi ons: hal f-w dth (bh)
t hi ckness (bv)
Cunul ative travel tinme: 791. 0333 sec.
At this position, the plunme is CONTACTING the RI GHT bank.
Furthernore, the CCC for the toxic pollutant has indeed been net
within the RMZ. In particul ar:
The CCC was encountered at the follow ng plune position:
The CCC for the toxic pollutant was encountered at the foll ow ng
pl umre position:

CCcC = 0.00373 ny/l
Correspondi ng dilution = 40.2
Pl ume | ocati on: x =-1.14 m
(centerline coordi nates) y =0.07 m
z =0.03m
Pl une di mensi ons: hal f-width (bh) = 0.63 m
thi ckness (bv) = 0.13 m

kkkhkkhkkhkkhkkhkkkhkkhkkhkkkkhkkhkkkkhkhx FI NAL ESIG\I ADVI (:E AND (:OVIVENTS kkkhkkkkhkkhkkhkkhkkhkkhkkhkkikkhkkhkkikhkkk
REM NDER: The user nust take note that HYDRODYNAM C MCDELI NG by any known
techni que is NOT AN EXACT SCl ENCE.
Ext ensive conparison with field and | aboratory data has shown that the
CORM X predictions on dilutions and concentrations (w th associ ated
pl ume geonetries) are reliable for the magjority of cases and are accurate
to within about +-50% (standard devi ation).
As a further safeguard, CORM X will not give predictions whenever it judges
t he design configuration as highly conplex and uncertain for prediction.
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CORM X1 PREDI CTI ON FI LE:
1112211112222111222111222112222111222111222111222111222111122111222111221111221111121
11111111112111111
CORM X M XI NG ZONE EXPERT SYSTEM
Subsystem CORM X1: Single Port Discharges
CORM X Version 6.0GT
HYDROL Version 6.0.0.0 Cctober 2009

CASE DESCRI PTI ON

Site name/l abel : SI M

Desi gn case: JD300400GPM Fi nal 6.0

FI LE NAME: P:\...\V.6.0\400G°PMFi nal Ri ver\JD300400GPM Fi nal 6. OR. prd
Ti me stanp: Fri Mar 26 15:00:43 2010

ENVI RONVENT PARAMETERS (metric units)
Bounded secti on

BS = 158.50 AS = 790.34 @A = 90.89 ICHREG= 1

HA = 4.99 HD = 3.49

Tidal Sinmulation at TIME = 0.620 h

PERI OD= 12.40 h UAmex = 0. 359 dUa/dt= 0.185 (ms)/h

UA = 0.115 F = 0. 029 USTAR =0. 6890E- 02

uw = 8. 500 UWBTAR=0. 1074E- 01

Density stratified environment

STRCND= B RHOAM = 1008. 2003

RHOAS = 1001. 0000 RHOAB = 1019. 0000 RHOAHO= 1019.0000 E =0. 0000E+00
DRHQJ = 18. 0000 HINT = 1.40 ES =0. 1241E+00

DI SCHARGE PARAMETERS (netric units)
Above Surface Di scharge:
Re- conput ed di scharge conditions at entry point at water surface.

BANK = RIGHT DI STB = 0. 99

DO = 0. 069 A0 = 0. 004 HO = 3.49 SUBO = 0. 00

THETA = 0.00 SIGWA = 90. 00

uo = 7.592 QO = 0. 029 =0. 2856E- 01

RHOO = 999.7019 DRHO =0.1930E+02 GPO  =0. 1857E+00

0 =0. 1270E+00 CUNITS= nu/l

IPOLL = 1 KS =0. 0O000E+00 KD =0. 0O000E+00

FLUX VARI ABLES (netric units)

Q =0. 2856E-01 M =0. 2168E+00 JO =0. 5304E- 02 SIG\NJO= 1.0

Associ ated I ength scales (neters)

LQ = 0.06 LM = 4.36 Lm = 4.05 Lb = 3.49
Lmp = 1.15 Lbp = 0.59

Ti dal : Tu = 0.1555 h Lu = 16.144 Lmin = 0.171

NON- DI MENSI ONAL  PARAMETERS
FRO = 66.97 R = 66. 02

FLOW CLASSI FI CATI ON
11122111122211112211122211112211117221111212111
1 Flow class (CORM X1) = I V5 1
1 Applicable |ayer depth HS = 2.09 1
111221111221111712221112221111222111171221111212111

M XI NG ZONE / TOXIC DI LUTI ON / REG ON OF | NTEREST PARAMETERS
Cco =0. 1270E+00 CUNITS= ny/l
NTOX = 1 CMC =0.5800E-02 cCCcC = CSTD
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NSTD = 1 CSTD =0. 3730E-02

REGWE = 1

REGSPC= 1 XREG = 91.44 WREG = 0.00 AREG = 0. 00
XINT = 35000.00 XMAX = 35000.00

X-Y-Z COCRDI NATE SYSTEM
OCRIAN is located at the bottom and bel ow the center of the port:
0.99 m fromthe RI GHT bank/shore
X-axis points downstream Y-axis points to left, Z-axis points upward.
NSTEP = 30 display intervals per nodul e

BEG N MOD101: DI SCHARGE MODULE

X Y Z S C B Uc 1T
0. 00 0. 00 3. 49 1.0 0.127E+00 0.03 7.592 . 00000E+00

END OF MOD101: DI SCHARGE MODULE

BEG N CORJET (MOD110): JET/ PLUVME NEAR-FI ELD M XI NG REG ON
Jet/plune transition notion in weak crossfl ow.

Zone of flow establishnent: THETAE= -89.18 S| GVAE= 64. 04
LE = 0.33 XE = 0.00 VYE = 0.00 ZE = 3.16

Profile definitions:

B = Gaussian 1l/e (37% half-width, normal to trajectory

S = hydrodynani c centerline dilution

C = centerline concentration (includes reaction effects, if any)

Uc = Local centerline excess velocity (above anbient)

TT = Currul ative travel tine

X Y Z S C B Uc T
0. 00 0. 00 3.49 1.0 0.127E+00 0.03 7.592 . 00000E+00
0. 00 0.00 3.16 1.0 0.127E+00 0.04 7.592 . 13754E- 02
0. 00 0.01 3. 08 1.1 0.116E+00 0.05 7.592 .10873E-01
0. 00 0.01 2.98 1.4 0.936E-01 0.06 6.578 . 24655E- 01
0.01 0.01 2.89 1.6 0.803E-01 0.07 5.638 . 38791E-01
0.01 0.01 2.79 1.8 0.689E-01 0.08 4.829 . 58001E- 01
0.01 0.01 2.70 2.1 0.603E-01 0. 09 4.220 . 80151E-01
0. 02 0.01 2.61 2.3 0.544E-01 0.10 3. 806 . 10149E+00
0.02 0.01 2.51 2.6 0.489E-01 0.11 3. 413 . 12914E+00
0. 03 0.01 2.41 2.9 0.444E-01 0.12 3.090 . 15978E+00
0.03 0.02 2.33 3.1 0.411E-01 0.13 2. 857 . 18844E+00
0. 04 0.02 2.23 3.4 0.379E-01 0.14 2.624 . 22470E+00
0.05 0.02 2.13 3.6 0.351E-01 0.15 2.424 . 26401E+00
0. 06 0.02 2.03 3.9 0.326E-01 0.16 2.250 . 30642E+00
0. 07 0.02 1.95 4.1 0.308E-01 0.17 2.118 . 34525E+00
0. 08 0.02 1.85 4.4 0.289E-01 0.18 1.981 . 39349E+00
0. 09 0.02 1.75 4.7 0.272E-01 0.19 1. 859 . 44492E+00
0.10 0.02 1. 67 4.9 0.259E-01 0.20 1.764 . 49157E+00
0.11 0.03 1.57 5.2 0. 246E-01 0. 22 1. 663 . 54904E+00
0.13 0.03 1.47 5.4 0.233E-01 0. 23 1.572 . 60984E+00
0.14 0.03 1.39 5.7 0.223E-01 0.24 1. 500 . 66464E+00
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0.16 0. 03 1.29 6.0 0.213E-01 0. 25 1.422 . 73175E+00
0. 17 0. 03 1.19 6.2 0.203E-01 0. 26 1. 351 . 80235E+00
0.19 0. 03 1.11 6.5 0.196E-01 0. 27 1.294 . 86569E+00
0.21 0. 03 1.01 6.8 0.187E-01 0. 28 1.232 . 94293E+00
0. 23 0. 03 0. 92 7.1 0.180E-01 0. 30 1.174 . 10239E+01
0. 25 0. 04 0. 83 7.3 0.174E-01 0.31 1.127 . 10962E+01
0. 27 0. 04 0.74 7.6 0.167E-01 0. 32 1.076 . 11842E+01
0. 29 0. 04 0. 64 7.9 0.161E-01 0. 33 1.028 . 12761E+01
0. 32 0. 04 0. 56 8.2 0.155E-01 0. 34 0. 989 . 13581E+01
0. 34 0. 04 0. 46 8.5 0. 150E-01 0. 36 0. 946 . 14575E+01
0. 37 0. 04 0. 37 8.7 0.145E-01 0. 37 0.911 . 15461E+01
Cunul ative travel time = 1.5461 sec

END OF CORJET (MOD110): JET/ PLUME NEAR- FI ELD M XI NG REG ON

BEG N MOD132: LAYER BOUNDARY | MPI NGEMENT/ UPSTREAM SPREADI NG

Vertical angle of |ayer/boundary inpi ngenent = -73.63 deg
Hori zontal angle of |ayer/boundary inpingenent = 2.76 deg
UPSTREAM | NTRUSI ON PROPERTI ES:
Upstreamintrusion length = 2.36 m
X-position of upstream stagnation point = -1.99 m
Thi ckness in intrusion region = 0.47 m
Hal f -wi dth at downstream end = 3.91 m
Thi ckness at downstream end = 0.47 m
Control volune infl ow
X Y z S C B TT
0. 37 0. 04 0. 37 8.7 0.145E-01 0.37 .15461E+01

Profile definitions:

BV = top-hat thickness, neasured vertically
BH = top-hat hal f-w dth, nmeasured horizontally in Y-direction
ZU = upper plunme boundary (Z-coordinate)
ZL = |l ower plunme boundary (Z-coordinate)
S = hydrodynani c average (bul k) dilution
C = average (bul k) concentration (includes reaction effects, if any)
TT = Cumul ative travel tine
X Y z S C BV BH ZU ZL
TT
-1.99 0.04 0.00 9985.4 0.000E+00 0.00 0. 00 0. 00 0. 00
. 18568E+02

** CMC HAS BEEN FOUND **
The pol | utant concentration in the plume falls bel ow CMC val ue of 0.580E-02
in the current prediction interval.
This is the extent of the TOXI C DI LUTI ON ZONE
**WATER QUALI TY STANDARD OR CCC HAS BEEN FOUND**
The pol lutant concentration in the plune falls bel ow water quality standard
or CCC value of 0.373E-02 in the current prediction interval
This is the spatial extent of concentrations exceeding the water quality
standard or CCC val ue.

-1.90 0. 04 0. 00 37.3 0.341E-02 0.11 0. 55 0.11 0. 00
. 15461E+01

-1.48 0. 04 0. 00 15.5 0.821E-02 0. 27 1.34 0. 27 0. 00
. 15461E+01
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-1.06 0. 04 0. 00 11.7 0.109E-01 0.35 1.82 0.35 0. 00
. 15461E+01

-0.63 0. 04 0. 00 10.0 0.127E-01 0.41 2.19 0.41 0. 00
. 15461E+01
-0.21 0. 04 0. 00 9.2 0.138E-01 0. 45 2.51 0. 45 0. 00
. 15461E+01
0.21 0. 04 0. 00 8.8 0. 144E-01 0. 47 2.80 0. 47 0. 00
. 15461E+01
0. 63 0. 04 0. 00 8.9 0.142E-01 0. 47 3.05 0. 47 0. 00
. 29914E+01
1. 06 0. 04 0. 00 10.7 0.118E-01 0. 47 3.29 0. 47 0. 00
. 68855E+01
1. 48 0. 04 0. 00 13.0 0. 980E-02 0. 47 3.51 0. 47 0. 00
. 10780E+02
1.90 0. 04 0. 00 14. 3 0. 890E-02 0. 47 3.72 0. 47 0. 00
. 14674E+02
2. 33 0. 04 0. 00 14.8 0. 856E-02 0. 47 3.91 0. 47 0. 00
. 18568E+02
Cunul ative travel tinme = 18. 5677 sec

END OF MOD132: LAYER BOUNDARY | MPI NGEMENT/ UPSTREAM SPREADI NG

** End of NEAR-FIELD REG ON (NFR) **

In this design case, the discharge is | ocated CLOSE TO BANK/ SHORE.
Sone boundary interaction occurs at end of near-field.

This may be related to a design case with a very LOW AMBI ENT VELOCI TY.

The dilution values in one or nore of the precedi ng zones may be too high.
Carefully evaluate results in near-field and check degree of interaction.

Consi der locating outfall further away from bank or shore.
In the next prediction nodule, the plume centerline will be set
to foll ow t he bank/shore.

BEG N MOD141: BUOYANT AMBI ENT SPREADI NG

Pl une is ATTACHED to RI GHT bank/ shor e.
Plune width is now determ ned from Rl GHT bank/ shor e.

Profile definitions:

BV = top-hat thickness, neasured vertically
BH = top-hat hal f-w dth, nmeasured horizontally in Y-direction
ZU = upper plunme boundary (Z-coordinate)
ZL = | ower plunme boundary (Z-coordinate)
S = hydrodynani c average (bul k) dilution
C = average (bul k) concentration (includes reaction effects, if any)
TT = Curul ative travel tine
Pl une Stage 2 (bank attached):
X Y Z S C BV BH ZU ZL
TT
2.33 -0.99 0. 00 14.8 0.856E-02 0.75 4.95 0.75 0. 00
. 18568E+02
21. 83 -0.99 0. 00 19.4 0.656E-02 0.36 13. 45 0. 36 0. 00
. 18811E+03
41. 33 -0.99 0. 00 22.5 0.563E-02 0.29 19. 68 0.29 0. 00
. 35765E+03
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60. 84 -0.99 0. 00 26.3 0.483E-02 0. 27 24.99 0. 27 0. 00

. 52720E+03
80. 34 -0.99 0. 00 31.0 0.409E-02 0.27 29.76 0. 27 0. 00
. 69674E+03
** REGULATORY M XI NG ZONE BOUNDARY **
In this prediction interval the plunme DONMNSTREAM di stance nmeets or exceeds

the regul atory val ue = 91.44 m
This is the extent of the REGULATORY M XI NG ZONE.
99. 84 -0.99 0. 00 37.0 0. 344E-02 0. 29 34. 15 0. 29 0. 00
. 86628E+03
115. 64 -0.99 0. 00 42.8 0.298E-02 0.31 37. 48 0.31 0. 00
Cunul ative travel tinme = 1003. 5983 sec

CORM X prediction has been TERM NATED at | ast prediction interval.
Limting distance due to Tl DAL REVERSAL has been reached.

END OF MOD141: BUOYANT AMBI ENT SPREADI NG

CORM X1: Single Port D scharges End of Prediction File
111221111222211122221112221122221112221112221112221112221112211122211122111122111111

1111111111111111
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CORM X SESSI ON REPORT:
OO0 000 00000.090.000.0.000.0000.000.0000000.000009.0.000.000.000.0.000.000.0.000.000.0000.000.000.64
CORM X M XI NG ZONE EXPERT SYSTEM
CORM X Version 6.0GT
HYDROL: Versi on-6.0. 0.0 Cctober, 2009

S| TE NAME/ LABEL: SIM

DESI GN CASE: JD300400GPM Fi nal 6.0

FI LE NAME:
P:\M xing\Critical Di schargeScenari os\ V. 6. 0\ 400G°PMFi nal Ri ver\ JD300400GPM Fi nal 6.
OR prd

Usi ng subsyst em CORM X1: Singl e Port Discharges

Start of session: 03/ 26/ 2010- - 15: 00: 43

R R IR R Sk I R R IRk Ok kR S R AR R Rk kS S R R R Sk kI R R o Sk kR I Rk S e O S

SUMMARY OF | NPUT DATA:

AMBI ENT PARAMETERS:

Cross-section = bounded
W dt h BS = 158.50 m
Channel regularity | CHREG = 1
Ambi ent flowate QA = 90.89 nm3/s
Aver age depth HA =4.99m
Dept h at di scharge HD =3.49 m
Dar cy- Wi sbach friction factor F = 0.0287
Cal cul ated from Manning's n = 0.025
Wnd velocity uw = 8.5 ns
TI DAL SI MULATI ON at tine Tsim = 0.62 hours
| nst ant aneous anbi ent velocity UA = 0.115 m's
Maxi mum ti dal velocity UaMAX = 0.359 m's
Rate of tidal reversal dupa/dt = 0.1855 (m' s)/ hour
Period of reversal T = 12. 4 hours
Stratification Type STRCND = B
Surface density RHOAS = 1001. 0000 kg/ m'3
Bottom density RHOAB = 1019. 0000 kg/ n3
Stratification height HNT = 1.40 m (pycnocline |evel)
Density bel ow pycnocline RHOAP = 1019. 0000 kg/ nt3
DI SCHARGE PARAMETERS: Single Port Discharge
Near est bank = right
Di stance to bank DISTB = 0.99 m
Port di aneter DO = 0.0692 m
Port cross-sectional area A0 = 0.0038 nt2
Di scharge vel ocity uwo =7.59 ms
D scharge flowate Q = 0.028558 m3/s
Di scharge port hei ght HO =3.49 m
Vertical discharge angle THETA = -89.26 deg
Hori zontal di scharge angl e SIGVA = 90 deg
Di scharge tenperature (freshwater) = 10 degC
Correspondi ng density RHOO = 999. 7019 kg/ m3
Density difference DRHO = 19.2981 kg/ m3
Buoyant accel eration GPO = 0. 1857 nf s"2
Di scharge concentrati on Cco = 0.127 ny/|
Surface heat exchange coeff. KS =0 nls
Coef ficient of decay KD =0/s
DI SCHARGE/ ENVI RONMENT LENGTH SCALES:
LQ = 0.06 m Lm = 4.05 m Lb =3.49 m
LM = 4.36 m Lm = 1.15 m Lb' = 0.59 m
UNSTEADY Tl DAL SCALES:
Tu = 0. 1555 hours Lu =16.14 m Lmin= 0.17 m
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NON- DI MENSI ONAL PARAMETERS:

Port densinetric Froude number FRO = 66. 97
Vel ocity ratio R = 66. 02
M XI NG ZONE / TOXI C DI LUTI ON ZONE / AREA OF | NTEREST PARAMETERS
Toxi ¢ di scharge = yes
CMC concentration CcMC = 0.0058 ny/|
CCC concentration CCcC = 0.00373 ny/ |
Water quality standard specified = given by CCC val ue
Regul atory m xi ng zone = yes
Regul at ory m xi ng zone specification = di stance
Regul atory m xi ng zone val ue =91.44 m(m2 if area)
Regi on of interest = 35000 m

R R I S R S R IRk Ok kR I IRk kI b kR R ARk kb kR Ak Sk R Rk R R ek S S Rk

HYDRCDYNAM C CLASSI FI CATI ON:
* *

| FLOWCLASS = 1V5

This flow configuration applies to a |layer corresponding to |lower stratified
density layer at the discharge site. The density junp at the pycnocline
confines the flowto the | ower |ayer.

Applicable |layer depth = |lower |ayer depth = 2.09 m

R R R I S R R Ik Sk kR e R R R R ek kR Ik Sk Sk R Rk kO R ok kR R R R Ok kR R R Ik S R Rk Ok

M XI NG ZONE EVALUATI ON (hydrodynam ¢ and regul atory sunmary):

X-Y-Z Coordi nate system

Oiginis located at the bottom bel ow the port center:
0.99 mfromthe right bank/shore
Nunber of display steps NSTEP = 30 per nodul e.

NEAR- FI ELD REG ON (NFR) CONDI Tl ONS :

Note: The NFR is the zone of strong initial mxing. 1t has no regul atory
inmplication. However, this information may be useful for the discharge
desi gner because the mixing in the NFRis usually sensitive to the
di scharge desi gn conditions.

Pol | utant concentration at NFR edge c¢ = 0.0086 ng/|
Dilution at edge of NFR s = 14.8
NFR Locati on: X =2.33m
(centerline coordinates) y =0.04 m
z=0m
NFR pl une di mensions: half-width (bh) = 3.92 m
thi ckness (bv) = 0.47 m

Cunul ative travel tine: 18. 5677 sec.

Buoyancy assessnent:
The effluent density is |less than the surroundi ng anbi ent water
density at the discharge |evel
Therefore, the effluent is POSI TI VELY BUOYANT and will tend to rise towards
the surface.

Stratification assessnent:
The specified two | ayer anbient density stratification is dynamically
i mportant. The discharge near field floww Il be confined to the | ower
| ayer by the anbient density stratification.
Furthernore, it is trapped at the pycnocline by the anbient density
j unp.

UPSTREAM | NTRUSI ON  SUMVARY:

Pl unme exhibits upstreamintrusion due to | ow anbient velocity or strong
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di scharge buoyancy.

Intrusion length = 2.36m
I ntrusion stagnati on point = -1.99 m
I ntrusion thickness = 0.47 m
Intrusion half width at inpingenent = 3.92 m
Intrusion half thickness at inpingenent = 0.47 m

PLUVE BANK CONTACT SUMVARY:
Plunme in bounded section contacts one bank only at 2.33 m downstream

UNSTEADY TI DAL ASSESSMENT:
Because of the unsteadi ness of the anbient current during the tidal
reversal, CORM X predictions have been TERM NATED at :

X = 115.64 m
y =-0.99 m
z=0m

For this condition AFTER TI DAL REVERSAL, m xed water fromthe previous
hal f-cycl e becones re-entrained into the near field of the discharge,
i ncreasing pollutant concentrations conpared to steady-state predictions.
A pool of mxed water formed at slack tide will be advected downstream
in this phase.
kkkhkkhkkkkikhkkhkkhkhkkhkkhkkikkkkhkhkkkk*k TOXI C D LUTI O\l ZO\]E SUM\MRY khkkkhkkhkhkkhkhkkkhkhkkkhkhkkkkhkhkkk*%
Recal | : The TDZ corresponds to the three (3) criteria issued in the USEPA
Techni cal Support Docunent (TSD) for Water Quality-based Toxics Control,
1991 ( EPA/ 505/ 2-90-001).

Criterion maxi mum concentration (CMC) = 0.0058 ng/l
Correspondi ng dilution = 21. 896552
The CMC was encountered at the follow ng plune position:

Pl une | ocati on: X =-0.80 m

(centerline coordinates) y =0.04 m

z =0.08m

Pl ume di nmensi on: hal f-width (bh) = 1.13 m
t hi ckness (bv) = 0.09 m

Conput ed di stance fromport opening to CMC | ocation = 3.50 m

CRITERION 1: This location is beyond 50 tinmes the discharge | ength scale of
Lqg = 0.06 m

+++++ The discharge | ength scale TEST for the TDZ has FAI LED. ++++++

Conput ed horizontal distance fromport opening to CMC | ocation = 0.80 m
CRITERION 2: This location is within 5 tines the anbient water depth of

HD = 3.49 m
++++++++++ The anbi ent depth TEST for the TDZ has been SATI SFI ED. ++++++++++

Conput ed di stance from port opening to CMC | ocation = 3.50 m
CRITERION 3: This location is within one tenth the distance of the extent
of the Regulatory M xing Zone of 91.51 min any
spatial direction fromthe port opening.
+++++ The Regul atory M xi ng Zone TEST for the TDZ has been SATI SFl ED. ++++++

The diffuser discharge velocity is equal to 7.59 nis.
This exceeds the value of 3.0 nis recommended in the TSD.

*** This discharge DOES NOT SATISFY all three CMC criteria for the TDZ ****
ERE R Ik b b b S b b S b b I I REGJLATOQY MXI NG ZO\'E SU'V'VARY ORI IR b b b S b b S b b I S
The plume conditions at the boundary of the specified RVZ are as foll ows:

Pol | ut ant concentration ¢ = 0.003709 ny/l

Corresponding dilution s = 34.3

Pl unme | ocati on: X = 91.44 m
(centerline coordinates) y =-0.99 m
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z=0m
Pl une di nmensi ons: hal f-width (bh) = 32.29 m
thi ckness (bv) = 0.28 m
Cumul ative travel tine: 793. 2192 sec.

At this position, the plume is CONTACTI NG the RI GHT bank.

Furthernore, the CCC for the toxic pollutant has indeed been net
within the RMZ. In particul ar:

The CCC was encountered at the foll ow ng plune position:

The CCC for the toxic pollutant was encountered at the follow ng
pl ume position:

CcC = 0.00373 ng/l
Correspondi ng dilution =34.0
Pl ume | ocati on: X =-1.76 m
(centerline coordinates) y =0.04 m
z =0.01m
Pl une di nmensi ons: hal f-width (bh) = 0.63 m
thickness (bv) = 0.11 m

R E SR kb b b S b b S b b S FI ,\IAL [ESIG\] ADVI CE AND COVNENTS R I S b S S b b S b b S S b b S

REM NDER:  The user nust take note that HYDRODYNAM C MCODELI NG by any known
techni que is NOT AN EXACT SCl ENCE.

Extensive conparison with field and | aboratory data has shown that the
CORM X predictions on dilutions and concentrations (w th associ ated
pl ume geonetries) are reliable for the magjority of cases and are accurate
to within about +-50% (standard devi ation).

As a further safeguard, CORM X will not give predictions whenever it judges
the design configuration as highly conplex and uncertain for prediction.
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CORM X1 PREDI CTI ON FI LE:
1112211112222111222111222112222111222111222111222111222111122111222111221111221111121
11111111112111111
CORM X M XI NG ZONE EXPERT SYSTEM
Subsystem CORM X1: Single Port Discharges
CORM X Version 6.0GT
HYDROL Version 6.0.0.0 Cctober 2009

CASE DESCRI PTI ON

Site name/l abel : SI M

Desi gn case: JD300400GPMy2Fi nal 6. 0

FI LE NAME: P:\...\V.6.0\400GPMFi nal Ri ver\ JD300400GPMyFi nal 6. OR. prd
Ti me stanp: Fri Mar 26 15:02:28 2010

ENVI RONVENT PARAMETERS (metric units)
Bounded secti on

BS = 158.50 AS = 770.54 @A = 33.90 ICHREG= 1

HA = 4.86 HD = 3.40

Tidal Sinmulation at TIME = 1.120 h

PERI OD= 12.40 h UAmex = 0. 359 dUa/dt= 0.039 (ms)/h

UA = 0.044 F = 0. 029 USTAR =0. 2647E- 02

uw = 8. 500 UWBTAR=0. 1074E- 01

Density stratified environment

STRCND= B RHOAM = 1008. 2064

RHOAS = 1001. 0000 RHOAB = 1019. 0000 RHOAHO= 1008.2064 E =0. 0000E+00
DRHQJ = 18. 0000 HINT = 1.36 ES =0. 1271E+00

DI SCHARGE PARAMETERS (netric units)
Above Surface Di scharge:
Re- conput ed di scharge conditions at entry point at water surface.

BANK = RIGHT DI STB = 1.06
DO = 0.094 A0 = 0. 007 HO = 3.40 SUBO = 0. 00
THETA = 0.00 SIGWA = 90. 00
uo = 7.753 QO = 0. 054 =0. 5394E- 01
RHOO = 999.7019 DRHO =0.8505E+01 GPO  =0.8272E-01
Q0 =0. 1000E+00 CUNITS= ny/l
IPOLL = 1 KS =0. 0O000E+00 KD =0. 0000E+00
FLUX VARI ABLES (netric units)
Q =0.5394E-01 M =0. 4182E+00 JO =0. 4462E-02 SIG\NJO= 1.0
Associ ated I ength scales (neters)
LQ = 0.08 LM = 7.79 Lm = 14.70 Lb = 52. 38
Lnp = 99999.00 Lbp = 99999.00
Ti dal : Tu = 0.4882 h Lu = 33.713 Lmn = 0. 232
NON- DI MENSI ONAL PARAMETERS
FRO = 87.87 R = 176. 21

FLOW CLASSI FI CATI ON
1112211117221111222111222111122211112211112111
1 Flow class (CORM X1) = | PV5 1
1 Applicable |ayer depth HS = 3.40 1
11122111122111122211122211112211112211112111

M XI NG ZONE / TOXIC DI LUTI ON / REG ON OF | NTEREST PARAMETERS
Cco =0. 1000E+00 CUNITS= ny/l
NTOX = 1 CMC =0.5800E-02 cCCcC = CSTD
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NSTD = 1 CSTD =0. 3730E-02

REGWE = 1

REGSPC= 1 XREG = 91.44 WREG = 0.00 AREG = 0. 00
XINT = 3500. 00 XMAX = 3500. 00

X-Y-Z COCRDI NATE SYSTEM
OCRIAN is located at the bottom and bel ow the center of the port:
1.06 m fromthe RI GHT bank/shore.
X-axis points downstream Y-axis points to left, Z-axis points upward.
NSTEP = 30 display intervals per nodul e

BEG N MOD101: DI SCHARGE MODULE

X Y Z S C B Uc 1T
0. 00 0. 00 3.40 1.0 0.100E+00 0.05 7.753 . 00000E+00

END OF MOD101: DI SCHARGE MODULE

BEG N MOD134: UNSTABLE RECI RCULATI ON REG ON OVER LAYER DEPTH

I NI TI AL LOCAL VERTI CAL | NSTABI LI TY REG ON:
Bul k dilution (S = 17.93) occurs in a limted region (horizontal extent
= 23.36 n) surrounding the di scharge | ocation.

Control vol une infl ow
X Y V4 S C B TT
0. 00 0.00 3. 40 1.0 0. 100E+00 0. 05 . 00000E+00

** CMC HAS BEEN FOUND **
The pollutant concentration in the plune falls bel ow CMC val ue of 0.580E-02
due to mixing in this control vol une.
The actual extent of the TOXIC DI LUTION ZONE wi |l be smaller than control
vol ure out fl ow val ues predicted bel ow.

Control volune outfl ow
X Y Z S C BV BH ZU ZL
TT
0. 00 0. 00 3.40 1.0 0. 100E+00 8.51 0. 00 0. 00 0. 00
. 00000E+00

END OF MOD134: UNSTABLE RECI RCULATI ON REG ON OVER LAYER DEPTH

BEG N MOD134a: UPSTREAM SPREADI NG AFTER NEAR- FI ELD | NSTABI LI TY

UPSTREAM | NTRUSI ON PROPERTI ES:

Upstreamintrusion | ength = 5.19 m
X-position of upstream stagnation point = -5.19 m
Thi ckness in intrusion region = 1.76 m
Hal f-wi dt h at downstream end = 117.52 m
Thi ckness at downstream end = 0.20 m
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Control volune infl ow
X Y V4 S C B TT
0. 00 0.00 1.70 17.9 0.558E-02 0. 05 . O0O000E+00

Profile definitions:

BV = top-hat thickness, nmeasured vertically
BH = top-hat hal f-wi dth, nmeasured horizontally in Y-direction
ZU = upper plunme boundary (Z-coordinate)
ZL = |l ower plunme boundary (Z-coordinate)
S = hydrodynam c average (bul k) dilution
C = average (bul k) concentration (includes reaction effects, if any)
TT = Cunul ative travel time
X Y z S C BV BH ZU ZL
TT
-5.19 0.00 3.40 9986.4 0.000E+00 0.00 0. 00 3.40 3.40
. 13354E+04

**WATER QUALI TY STANDARD OR CCC HAS BEEN FOUND**

The pol lutant concentration in the plume falls bel ow water quality standard
or CCC value of 0.373E-02 in the current prediction interval.

This is the spatial extent of concentrations exceeding the water quality
standard or CCC val ue.

-3.91 0. 00 3.40 29.2 0.343E-02 1.08 16. 62 3.40 2.32
. 0O0000E+00
2.35 0. 00 3.40 18.0 0.554E-02 1.75 40. 37 3.40 1.65
. 53522E+02
8. 62 0. 00 3.40 19.5 0.512E-02 1.63 54. 62 3.40 1.77
. 19596E+03
14. 89 0. 00 3.40 22.3 0. 448E-02 1.41 65. 85 3.40 2.00
. 33839E+03
21.16 0.00 3.40 25.8 0.388E-02 1.13 75. 43 3.40 2.28
. 48082E+03
27. 42 0.00 3.40 29.2 0.342E-02 0. 85 83. 92 3.40 2.55
. 62326E+03
33.69 0. 00 3.40 32.1 0.312E-02 0.62 91. 63 3.40 2.79
. 7T6569E+03
39. 96 0. 00 3.40 34.2 0.292E-02 0. 44 98. 74 3.40 2.96
. 90812E+03
46. 22 0. 00 3.40 35.6 0.281E-02 0. 33 105. 37 3.40 3.08
. 10506E+04
52. 49 0. 00 3.40 36.4 0. 275E-02 0. 26 111.61 3.40 3.14
. 11930E+04
58. 76 0. 00 3.40 37.1 0. 269E-02 0. 20 117.52 3.40 3.21
. 13354E+04
Cunul ative travel tine = 1335. 4260 sec

END OF MOD134a: UPSTREAM SPREADI NG AFTER NEAR- FI ELD | NSTABI LI TY

** End of NEAR-FIELD REG ON (NFR) **

In this design case, the discharge is | ocated CLOSE TO BANK/ SHORE.
Sone boundary interaction occurs at end of near-field.

This may be related to a design case with a very LOW AMBI ENT VELOCI TY.

The dilution values in one or nore of the preceding zones may be too high.
Carefully evaluate results in near-field and check degree of interaction.

Consi der |ocating outfall further away from bank or shore.

In the next prediction nodule, the plune centerline will be set
to foll ow the bank/shore.
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BEG N MOD141: BUOYANT AMBI ENT SPREADI NG

Plune is ATTACHED to RI GHT bank/ shor e.
Plume width is now determ ned from Rl GHT bank/ shore.

Profile definitions:

BV = top-hat thickness, neasured vertically
BH = top-hat half-wi dth, neasured horizontally in Y-direction
ZU = upper plunme boundary (Z-coordinate)
ZL = | ower plunme boundary (Z-coordinate)
S = hydrodynani c average (bul k) dilution
C = average (bul k) concentration (includes reaction effects, if any)
TT = Cumul ative travel time
Plume Stage 2 (bank attached):
X Y z S C BV BH ZU ZL
TT
58. 76 -1.06 3.40 37.1 0. 269E-02 0. 39 118. 58 3.40 3.01
. 13354E+04
64. 72 -1.06 3.40 41.6 0.240E-02 0.43 119. 65 3.40 2.97
. 14707E+04
70. 68 -1.06 3.40 46.1 0.217E-02 0. 48 120. 76 3.40 2.93
. 16059E+04
76. 64 -1.06 3.40 50.7 0.197E-02 0.52 121. 90 3.40 2.88
. 17411E+04
82. 60 -1.06 3.40 55.5 0. 180E- 02 0. 56 123. 07 3.40 2.84
. 18764E+04
88. 56 -1.06 3.40 60. 3 0. 166E-02 0.61 124. 26 3.40 2.80
. 20116E+04

** REGULATORY M XI NG ZONE BOUNDARY **
In this prediction interval the plune DOMSTREAM distance neets or exceeds
the regul atory value = 91.44 m
This is the extent of the REGULATORY M Xl NG ZONE

88. 70 -1.06 3.40 60.4 0.166E-02 0.61 124.29 3.40 2.80
Currul ative travel tine = 2014. 9191 sec

CORM X prediction has been TERM NATED at | ast prediction interval.
Limiting tine due to TIDAL REVERSAL has been reached.

END OF MOD141: BUOYANT AMBI ENT SPREADI NG

CORM X1: Single Port Discharges End of Prediction File
111111112111111121121111211211111112111111111111111111111111111111111111111111111111
111111711111111112
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CORM X SESSI ON REPORT:
OO0 000 00000.090.000.0.000.0000.000.0000000.000009.0.000.000.000.0.000.000.0.000.000.0000.000.000.64
CORM X M XI NG ZONE EXPERT SYSTEM
CORM X Version 6.0GT
HYDROL: Versi on-6.0. 0.0 Cctober, 2009

S| TE NAME/ LABEL: SIM

DESI GN CASE: JD300400GPMy2Fi nal 6. 0

FI LE NAME:
P:\M xing\Critical Di schargeScenari os\ V. 6. 0\ 400G°PMFi nal Ri ver\ JD300400GPMyFi nal 6.
OR prd

Usi ng subsyst em CORM X1: Singl e Port Discharges

Start of session: 03/ 26/ 2010- - 15: 02: 28

R R IR R Sk I R R IRk Ok kR S R AR R Rk kS S R R R Sk kI R R o Sk kR I Rk S e O S

SUMMARY OF | NPUT DATA:

AMBI ENT PARAMETERS:

Cross-section = bounded
W dt h BS = 158.50 m
Channel regularity | CHREG = 1
Ambi ent flowate QA = 33.90 m3/s
Aver age depth HA =4.86 m
Dept h at di scharge HD =3.40 m
Dar cy- Wi sbach friction factor F = 0.0290
Cal cul ated from Manning's n = 0.025
Wnd velocity uw = 8.5 ns
TI DAL SI MULATI ON at tine Tsim = 1.12 hours
| nst ant aneous anbi ent velocity UA = 0.044 ms
Maxi mum ti dal velocity UaMAX = 0.359 m's
Rate of tidal reversal dupa/dt = 0.0393 (m s)/ hour
Peri od of reversal T = 12. 4 hours
Stratification Type STRCND = B
Surface density RHOAS = 1001. 0000 kg/ m'3
Bottom density RHOAB = 1019. 0000 kg/ n3
Stratification height HNT = 1.36 m (pycnocline |evel)
Density bel ow pycnocline RHOAP = 1019. 0000 kg/ nt3
DI SCHARGE PARAMETERS: Single Port Discharge
Near est bank = right
Di stance to bank DISTB = 1.06 m
Port di aneter DO = 0.0941 m
Port cross-sectional area A0 = 0.0070 nt2
Di scharge vel ocity wo =7.75 ms
D scharge flowate Q = 0.053935 m3/s
Di scharge port height HO =3.40 m
Vertical discharge angle THETA = -88.63 deg
Hori zont al di scharge angl e SIGVA = 90 deg
Di scharge tenperature (freshwater) = 10 degC
Correspondi ng density RHOO = 999. 7019 kg/ m3
Density difference DRHO = 8.5045 kg/ m3
Buoyant accel eration GPO = 0.0827 nf s"2
Di scharge concentrati on Cco = 0.1 no/l
Surface heat exchange coeff. KS =0 nls
Coef ficient of decay KD =0/s
DI SCHARGE/ ENVI RONMENT LENGTH SCALES:
LQ =0.08 m Lm = 14.70 m Lb =52.38 m
LM =7.79 m Lm = 99999 m Lb' = 99999 m
UNSTEADY Tl DAL SCALES:
Tu = 0.4882 hours Lu =33.71 m Lmin= 0.23 m
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NON- DI MENSI ONAL PARAMETERS

Port densinetric Froude number FRO = 87.87
Vel ocity ratio R = 176. 21
M XI NG ZONE / TOXI C DI LUTI ON ZONE / AREA OF | NTEREST PARAMETERS
Toxi ¢ di scharge = yes
CMC concentration CcMC = 0.0058 ny/|
CCC concentration CCcC = 0.00373 ny/ |
Water quality standard specified = given by CCC val ue
Regul atory m xi ng zone = yes
Regul atory m xi ng zone specification = di stance
Regul atory m xi ng zone val ue =91.44 m(m2 if area)
Regi on of interest = 3500 m

R R I Sk R S R IRk Ok kR I IRk kI b kR R R Rk Sk b kO R Rk kb Ok O R Rk S b O R

HYDRCDYNAM C CLASSI FI CATI ON:
* *

| FLOWCLASS = IPV5 |

This flow configuration applies to a |layer corresponding to the full water
depth at the discharge site. The anbient density stratification at the

di scharge site is relatively weak and uni nportant so the discharge flow
penetrates to the surface and/ or breaks down the existing stratification

t hrough vi gorous m xi ng.

Applicable layer depth = water depth = 3.40 m

R R I o kR R R IRk Sk kR e R R Rk O S R Rk Sk Sk R ARk Ik R ok kR b S R R R R ek S O Rk I

M XI NG ZONE EVALUATI ON (hydrodynam ¢ and regul atory sunmary):

X-Y-Z Coordi nate system

Oiginis located at the bottom bel ow the port center:
1.06 mfromthe right bank/shore
Nunber of display steps NSTEP = 30 per nodul e.

NEAR- FI ELD REG ON (NFR) CONDI Tl ONS :

Note: The NFR is the zone of strong initial mxing. 1t has no regul atory
inmplication. However, this information may be useful for the discharge
desi gner because the mixing in the NFRis usually sensitive to the
di scharge desi gn conditions.

Pol | utant concentration at NFR edge c¢ = 0.0027 ny/l
Dilution at edge of NFR s = 37.1
NFR Locati on: X = 58.76 m
(centerline coordinates) y =0 m
z =3.40m
NFR pl une di mensions: half-width (bh) = 117.52 m
thi ckness (bv) = 0.20 m
Cunul ative travel tine: 1335. 4261 sec.

Buoyancy assessnent:
The effluent density is less than the surroundi ng anbi ent wat er
density at the discharge |evel
Therefore, the effluent is POSI TI VELY BUOYANT and will tend to rise towards
the surface.
Stratification assessnent:
The specified anbient density stratification is weak relative to the
di scharge conditions and is dynamically uninportant. The di scharge wl|
behave as if the anbient were unstratified.
UPSTREAM | NTRUSI ON' SUMVARY:
Pl une exhibits upstreamintrusion due to | ow anbient velocity or strong
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di scharge buoyancy.

Intrusion length = 519 m

I ntrusion stagnati on point = -5.19m
I ntrusion thickness = 1.76 m
Intrusion half width at inpingenent = 117.52 m
Intrusion half thickness at inpingenent = 0.20 m

FAR- FI ELD M XI NG SUMVARY:
Pl unme becones vertically fully mxed WTH N NEAR-FIELD at 0 m
downstream but RE- STRATI FI ES LATER and is not mxed in the far-field.

PLUME BANK CONTACT SUMVARY:
Pl ume in bounded section contacts nearest bank at 58.76 m downstream
Pl ume contacts second bank at 237.55 m downstream

UNSTEADY T!| DAL ASSESSMENT:

Because of the unsteadi ness of the anbient current during the tidal
reversal, CORM X predictions have been TERM NATED at :

X = 88.70 m
y =-1.06 m
z = 3.40 m

For this condition AFTER Tl DAL REVERSAL, m xed water fromthe previous
hal f-cycl e becones re-entrained into the near field of the discharge,
i ncreasing pollutant concentrations conpared to steady-state predictions.
A pool of mixed water formed at slack tide will be advected downstream
in this phase.
R I Ik b S S b S S b b I S b S I b TOXI C u LLJTI O\l ZO\IE SUIV]VARY IR IR I b I b b S I b b I S b S R
Recal | : The TDZ corresponds to the three (3) criteria issued in the USEPA
Techni cal Support Docunent (TSD) for Water Quality-based Toxics Control,
1991 ( EPA/ 505/ 2-90-001).
Criterion maxi mum concentration (CMJ) 0.0058 ng/l
Correspondi ng dilution 17. 241379
The CMC was encountered within a control vol ume describing a portion
of the discharge pl une.
Therefore, the follow ng plunme conditions are a conservative estimate (wth
| ower concentrations or with larger dinmensions) for the region at whose
boundary the CMC is net:
Local boundary concentration

0.005579 /|

Correspondi ng dilution = 17. 925700
Pl une | ocati on: X =0m
(centerline coordinates) y =0 m
z =1.70 m
Pl urme di nensi on: hal f-width (bh) = 8.51 m
t hi ckness (bv) = 0 m

Conput ed di stance fromport opening to CMC |l ocation = 1.70 m

CRITERION 1: This location is within 50 tines the discharge | ength scal e of
Lg = 0.08 m

+++++ The di scharge length scale TEST for the TDZ has been SATI SFI ED. ++++++

Conput ed horizontal distance fromport opening to CMC |l ocation = 0 m
CRITERION 2: This location is within 5 tines the anbient water depth of

HD = 3.40 m
++++++++++ The anbi ent depth TEST for the TDZ has been SATI SFI ED. ++++++++++

Conput ed di stance fromport opening to CMC location = 1.70 m
CRITERION 3: This location is within one tenth the distance of the extent
of the Regulatory M xing Zone of 91.45 min any
spatial direction fromthe port opening.
+++++ The Regul atory M xi ng Zone TEST for the TDZ has been SATI SFI ED. ++++++
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The diffuser discharge velocity is equal to 7.75 nis.
Thi s exceeds the value of 3.0 mls recommended in the TSD.

*** Al three CMC criteria for the TDZ are SATISFIED for this discharge. ***
khkkhkkhkkhkkhkkhkkhkkikkhkkhkkikkhkkhkkhkhkk*k REGJLATG?Y M XI NG ZO\]E SUMVARY kkkhkkhkkkhkhkkkhkhkkkhkhkkikkkhkhkkxk*%
The plume conditions at the boundary of the specified RMZ are as foll ows:

Pol | ut ant concentration ¢ = 0.001597 ng/l
Correspondi ng dilution s = 62.6
Pl ume | ocati on: X = 91.44 m
(centerline coordinates) y =-1.06 m
z =3.40m
Pl ume di nmensi ons: hal f-wi dth (bh) = 124.85 m
t hi ckness (bv) = 0.63 m
Cunul ative travel tinme: 2077. 0022 sec.

At this position, the plume is CONTACTI NG the RI GHT bank.

Furthernmore, the CCC for the toxic pollutant has indeed been net
within the RMZ. In particular:

The CCC was encountered at the foll ow ng plunme position:

The CCC for the toxic pollutant was encountered at the follow ng
pl ume position:

CcC = 0.00373 ng/l
Correspondi ng dilution = 26.8
Pl unme | ocati on: X =-3.88 m
(centerline coordinates) y =0 m
z =3.40m
Pl ume di nmensi ons: hal f-width (bh) = 16.93 m
thi ckness (bv) = 1.08 m

IR E IR Sk b I b b S S b b b b I FI I\IAL [ESI G\l ADVI CE AND mv'vEN‘I'S R R b b S 2 b b S S b b S S b b S

REM NDER: The user nust take note that HYDRODYNAM C MODELI NG by any known
technique is NOT AN EXACT SClI ENCE.

Ext ensi ve conparison with field and | aboratory data has shown that the
CORM X predictions on dilutions and concentrations (wth associ ated
pl ume geonetries) are reliable for the magjority of cases and are accurate
to within about +-50% (standard devi ation).

As a further safeguard, CORM X will not give predictions whenever it judges
the design configuration as highly conplex and uncertain for prediction.
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CORM X1 PREDI CTI ON FI LE:
1112211112222111222111222112222111222111222111222111222111122111222111221111221111121
11111111112111111
CORM X M XI NG ZONE EXPERT SYSTEM
Subsystem CORM X1: Single Port Discharges
CORM X Version 6.0GT
HYDROL Version 6.0.0.0 Cctober 2009

CASE DESCRI PTI ON
Site nane/| abel :

Desi gn case: JD309( 2) 400GPMasSt eadyFi nal
FI LE NAME: P:\...0GMi nal R ver\JD309(2)400G°PMaSt eadyFi nal 6. OR. prd
Ti me stanp: Fri Mar 26 14:21:47 2010

ENVI RONVENT PARAMETERS (nmetric units)
Bounded section

BS = 158.50 AS = 972.57 QA = 109.90 ICHREG= 1
HA = 6.14 HD = 4. 30

UA = 0.113 F = 0. 027 USTAR =0. 6540E- 02

uw = 9. 300 UWSTAR=0. 1193E-01

Uni form density environnent
STRCND= U RHOAM = 1001. 0000

DI SCHARGE PARAMETERS (netric units)
Above Surface Di scharge:
Re- conmput ed di scharge conditions at entry point at water surface.

BANK = RIGHT DI STB = 0. 97
DO = 0. 078 A0 = 0. 005 HO = 4.30 SUBO = 0. 00
THETA = 0.00 SIGWA = 90. 00
uo = 5.924 QO = 0. 029 =0. 2856E- 01
RHOO = 999.7019 DRHO =0.1298E+01 GPO  =0.1272E-01
Co =0. 1150E+00 CUNITS= ny/l
IPOLL = 1 KS =0. 0000E+00 KD =0. 0000E+00
FLUX VARI ABLES (netric units)
Q =0. 2856E-01 M =0. 1692E+00 JO =0. 3632E- 03 SI GNJO= 1.0
Associ ated I ength scales (nmeters)
LQ = 0.07 LM = 13.84 Lm = 3.64 Lb = 0. 25
Lmp = 99999.00 Lbp = 99999.00
NON- DI MENSI ONAL PARAMETERS
FRO = 187.66 R = 52.42
FLOW CLASSI FI CATI ON
111111112111211211212111211217111711117111111111
1 Flowclass (CORM X1) = IPV4 1
1 Applicable layer depth HS = 4.30 1
111112211221121211221122112212211211217111211112111
M XING ZONE / TOXI C DI LUTION / REG ON OF | NTEREST PARAMETERS
0 =0. 1150E+00 CUNITS= nu/l
NTOX = 1 CMC  =0.5800E-02 CCC = CSTD
NSTD = 1 CSTD =0. 3730E-02
REGWZ = 1
REGSPC= 1 XREG = 91.44 WREG = 0.00 AREG = 0. 00
XINT = 3500.00 XMAX =  3500.00
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X-Y-Z COCRDI NATE SYSTEM
CRIAN is located at the bottom and bel ow the center of the port:
0.97 m fromthe RI GAT bank/shore.
X-axis points downstream Y-axis points to left, Z-axis points upward.
NSTEP = 30 display intervals per nodul e

BEG N MOD101: DI SCHARGE MCDULE

X Y Z S C B Uc T
0. 00 0. 00 4.30 1.0 0.115E+00 0.04 5.924 . 00000E+00

END OF MCD101: DI SCHARGE MODULE

BEG N CORJET (MOD110): JET/ PLUVE NEAR-FI ELD M XI NG REG ON

Jet-like notion in weak crossfl ow.
UNSTABLE NEAR- FI ELD: Jet/plume will mx over full layer depth

Fol l ow ng MOD133 will include recirculation into jet region.
Zone of flow establishment: THETAE= -88.95 Sl GVAE= 64. 44
LE = 0.37 XE = 0.00 YE = 0.01 ZE = 3.93

Profile definitions:

B = Gaussian 1/e (37% half-width, normal to trajectory

S = hydrodynam c centerline dilution

C = centerline concentration (includes reaction effects, if any)

Uc = Local centerline excess velocity (above ambient)

TT = Currul ative travel tine

X Y Z S C B Uc TT
0. 00 0. 00 4. 30 1.0 0. 115E+00 0. 04 5.924 . 00000E+00
0. 00 0.01 3.93 1.0 0.115E+00 0.04 5.924 . 22170E-02
0. 00 0.01 3.82 1.1 0.102E+00 0.05 5.924 . 17727E-01
0.01 0.01 3.70 1.4 0.812E-01 0. 07 4.930 .40613E-01
0.01 0.01 3.57 1.7 0.673E-01 0.08 4.084 .68676E-01
0.01 0.01 3. 47 2.0 0.586E-01 0.09 3. 558 . 96867E- 01
0. 02 0.02 3.34 2.3 0.510E-01 0.11 3.090 . 13460E+00
0. 03 0.02 3.24 2.5 0.458E-01 0.12 2.775 . 17113E+00
0.04 0.02 3.12 2.8 0.409E-01 0.13 2.478 . 21865E+00
0. 05 0. 02 2.99 3.1 0.370E-01 0.15 2.235 . 27150E+00
0. 06 0.02 2.89 3.4 0.341E-01 0. 16 2. 060 . 32107E+00
0. 07 0.03 2.76 3.7 0.312E-01 0.17 1. 886 . 38393E+00
0. 09 0.03 2.64 4.0 0.288E-01 0.19 1.737 . 45228E+00
0.10 0.03 2.53 4.3 0.270E-01 0.20 1.625 . 51527E+00
0.12 0.03 2.41 4.6 0.251E-01 0.21 1. 509 . 59397E+00
0.14 0.03 2.29 4.9 0.234E-01 0.23 1. 407 . 67836E+00
0. 16 0.04 2.19 5.2 0.222E-01 0.24 1.328 . 75528E+00
0.18 0.04 2.06 5.5 0.208E-01 0.26 1. 245 . 85046E+00
0. 20 0.04 1.94 5.9 0.196E-01 0. 27 1.171 . 95159E+00
0. 23 0. 04 1.84 6.2 0.187E-01 0. 28 1.112 . 10431E+01
0. 25 0.04 1.72 6.5 0.177E-01 0. 30 1. 049 . 11556E+01
0. 28 0. 04 1.60 6.9 0.167E-01 0. 32 0.991 . 12743E+01
0.31 0.05 1.48 7.2 0.159E-01 0.33 0. 938 . 13995E+01
0.34 0. 05 1.38 7.6 0.152E-01 0.35 0. 895 . 15120E+01
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0. 38 0. 05 1.26 8.0 0.145E-01 0. 36 0. 849 . 16495E+01
0. 42 0. 05 1.14 8.3 0.138E-01 0. 38 0. 806 . 17938E+01
0. 45 0. 05 1.04 8.7 0.132E-01 0. 39 0.771 . 19230E+01
0. 49 0. 06 0.92 9.1 0.126E-01 0.41 0.733 . 20804E+01
0. 53 0. 06 0.81 9.5 0.121E-01 0. 43 0. 697 . 22451E+01
0. 57 0. 06 0.71 9.9 0.116E-01 0. 45 0. 668 . 23923E+01
0. 62 0. 06 0. 59 10.4 0.111E-01 0. 46 0. 636 . 25710E+01
0. 67 0. 06 0. 48 10.8 0. 107E-01 0. 48 0.610 . 27305E+01
Cunul ative travel time = 2. 7305 sec

END OF CORJET (MOD110): JET/ PLUME NEAR- FI ELD M XI NG REG ON

BEGA N MOD133: LAYER BOUNDARY | MPI NGEMENT/ FULL VERTI CAL M XI NG
Control volune infl ow
X Y Z S C B TT
0. 67 0. 06 0. 48 10.8 0. 107E-01 0.48 .27305E+01

Profile definitions:

BV = layer depth (vertically m xed)
BH = top-hat half-width, in horizontal plane normal to trajectory
ZU = upper plunme boundary (Z-coordinate)
ZL = | ower plunme boundary (Z-coordinate)
S = hydrodynani c average (bul k) dilution
C = average (bul k) concentration (includes reaction effects, if any)
TT = Cumul ative travel tine
X Y z S C BV BH ZU ZL
TT
0.19 0.14 4. 30 10.8 0. 107E-01 0. 00 0. 00 4.30 4.30
. 27305E+01
0. 67 0.14 4. 30 10.8 0.107E-01 4.30 0.14 4. 30 0. 00
. 27305E+01
1.15 0.14 4. 30 11.0 0.105E-01 4.30 0. 20 4.30 0. 00
. 69398E+01
1.62 0.14 4.30 11.5 0.997E-02 4.30 0.24 4.30 0. 00
. 11165E+02
2.10 0.14 4.30 12.3 0.934E-02 4.30 0.28 4.30 0. 00
. 15390E+02
2.58 0.14 4.30 13.1 0.877E-02 4.30 0.31 4.30 0. 00
. 19616E+02
3. 06 0.14 4.30 13.8 0.832E-02 4.30 0.34 4.30 0. 00
. 23841E+02
3.53 0.14 4. 30 14.3 0.802E-02 4.30 0. 37 4. 30 0. 00
. 28067E+02
4.01 0.14 4. 30 14.7 0.783E-02 4.30 0.40 4.30 0. 00
. 32292E+02
4. 49 0.14 4. 30 14.9 0.772E-02 4.30 0.42 4. 30 0. 00
. 36517E+02
4. 97 0.14 4. 30 15.1 0.763E-02 4.30 0.44 4. 30 0. 00
. 40743E+02
Cunul ative travel time = 40. 7426 sec

END COF MCD133: LAYER BOUNDARY | MPI NGEMENT/ FULL VERTI CAL M XI NG

** End of NEAR-FI ELD REG ON (NFR) **
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BEG N MOD141: BUOYANT AMBI ENT SPREADI NG

Profile definitions:

BV = top-hat thickness, neasured vertically
BH = top-hat hal f-wi dth, nmeasured horizontally in Y-direction
ZU = upper plunme boundary (Z-coordinate)
ZL = |l ower plunme boundary (Z-coordinate)
S = hydrodynam c average (bul k) dilution
C = average (bul k) concentration (includes reaction effects, if any)
TT = Cumul ative travel time
Plume Stage 1 (not bank attached):
X Y z S C BV BH ZU ZL
TT
4.97 0.14 4.30 15.1 0.763E-02 4.30 0.44 4.30 0. 00
. 40743E+02
5.04 0.14 4.30 15.3 0. 751E-02 4.09 0. 47 4.30 0. 20
. 41439E+02
5.12 0.14 4.30 15.5 0. 740E-02 3.92 0.50 4.30 0. 38
. 42136E+02
5.20 0.14 4.30 15.7 0. 730E-02 3.77 0.53 4.30 0.53
. 42833E+02
5.28 0.14 4.30 15.9 0. 721E-02 3.63 0.56 4.30 0. 67
. 43530E+02
5.36 0.14 4.30 16.1 0. 713E-02 3.51 0.58 4.30 0.79
. 44227E+02
5.44 0.14 4.30 16.3 0. 705E-02 3.39 0.61 4.30 0.90
. 44924E+02
5.52 0.14 4. 30 16.5 0. 698E-02 3.29 0. 63 4.30 1.00
. 45620E+02
5. 60 0.14 4. 30 16.6 0.691E-02 3.20 0. 66 4.30 1.09
. 46317E+02
5. 67 0.14 4. 30 16. 8 0. 685E-02 3.12 0.68 4. 30 1.18
. 47014E+02
5.75 0.14 4. 30 16.9 0.679E-02 3.04 0.70 4. 30 1.26
.A7711E+02
5.83 0.14 4.30 17.1 0.674E-02 2.96 0.73 4.30 1.33
. 48408E+02
5.91 0.14 4.30 17.2 0. 669E-02 2.90 0.75 4.30 1.40
. 49105E+02
5.99 0.14 4.30 17.3 0. 664E-02 2.83 0.77 4.30 1. 46
. 49801E+02
6. 07 0.14 4.30 17.5 0. 659E-02 2.77 0. 80 4.30 1.52
. 50498E+02
6. 15 0.14 4. 30 17.6 0. 654E-02 2.72 0.82 4. 30 1.58
. 51195E+02
6. 23 0.14 4. 30 17.7 0. 650E-02 2. 66 0.84 4. 30 1.63
. 51892E+02
6. 30 0.14 4. 30 17.8 0. 646E-02 2.61 0. 86 4. 30 1.68
. 52589E+02
6. 38 0.14 4. 30 17.9 0. 642E-02 2. 57 0.88 4. 30 1.73
. 53286E+02
6. 46 0.14 4.30 18.0 0. 638E-02 2.52 0.90 4.30 1.77
. 53983E+02
6. 54 0.14 4.30 18.1 0.635E-02 2.48 0.92 4.30 1.82
. 54679E+02
6. 62 0.14 4.30 18.2 0.631E-02 2.44 0.94 4.30 1.86
. 55376E+02
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6.70 0.14 4. 30 18. 3 0. 628E-02 2.40 0. 96 4. 30 1.89
. 56073E+02

6. 78 0.14 4. 30 18.4 0. 624E-02 2. 37 0. 98 4. 30 1.93
. 56770E+02

6. 86 0.14 4. 30 18.5 0.621E-02 2.33 1.00 4. 30 1.96
. 57467E+02

6. 93 0.14 4. 30 18.6 0. 618E-02 2.30 1.02 4. 30 2.00
. 58164E+02

7.01 0.14 4. 30 18.7 0. 615E-02 2.27 1.04 4. 30 2.03
. 58860E+02

7.09 0.14 4. 30 18.8 0. 612E-02 2.23 1. 06 4. 30 2.06
. 59557E+02

7.17 0.14 4. 30 18.9 0. 610E-02 2.21 1.08 4. 30 2.09
. 60254E+02

7.25 0.14 4. 30 18.9 0. 607E-02 2.18 1.10 4. 30 2.12
. 60951E+02

7. 33 0.14 4. 30 19.0 0. 604E-02 2.15 1.12 4. 30 2.15
. 61648E+02
Cunul ative travel time = 61. 6478 sec

Pl une is ATTACHED to RI GHT bank/ shor e.
Plume width is now determ ned from Rl GHT bank/ shore

Plume Stage 2 (bank attached):
X Y z S C BV BH ZU ZL
TT
7.33 -0.97 4.30 19.0 0.604E-02 2.15 2.24 4.30 2.15
. 61648E+02
** CMC HAS BEEN FOUND **
The pollutant concentration in the plunme falls bel ow CMC val ue of 0.580E-02
in the current prediction interval.
This is the extent of the TOXI C DI LUTI ON ZONE

13. 57 -0. 97 4. 30 21.6 0.532E-02 1.55 3.52 4. 30 2.75
. 11685E+03

19. 81 -0.97 4. 30 23.6 0.487E-02 1.30 4.59 4. 30 3. 00
. 17206E+03

26. 05 -0.97 4.30 25.6 0.450E-02 1.17 5.54 4.30 3.13
. 22727E+03

32.29 -0.97 4.30 27.6 0.416E-02 1.09 6.41 4.30 3.21
. 28247E+03

38. 53 -0.97 4. 30 29.9 0. 384E-02 1.05 7.21 4.30 3.25
. 33768E+03

**WATER QUALI TY STANDARD OR CCC HAS BEEN FOUND**
The pol lutant concentration in the plune falls bel ow water quality standard
or CCC value of 0.373E-02 in the current prediction interval.
This is the spatial extent of concentrations exceeding the water quality
standard or CCC val ue.

44,77 -0.97 4.30 32.5 0.354E-02 1.03 7.96 4.30 3. 26
. 39289E+03

51.01 -0.97 4.30 35.4 0.325E-02 1.03 8. 68 4.30 3. 27
. 44809E+03

57. 25 -0.97 4.30 38.6 0.298E-02 1.04 9. 36 4.30 3.25
. 50330E+03

63. 49 -0. 97 4. 30 42.2 0.273E-02 1. 06 10. 02 4. 30 3.23
. 55851E+03

69. 73 -0. 97 4. 30 46. 2 0. 249E-02 1.09 10. 65 4. 30 3. 20
. 61371E+03
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75. 97 -0.97 4. 30 50.6 0.227E-02 1.13 11. 27 4. 30 3.16
. 66892E+03

82.21 -0.97 4. 30 55.4 0. 208E-02 1.18 11. 87 4. 30 3.12
. 72412E+03

88. 45 -0.97 4. 30 60.7 0. 190E-02 1.23 12. 45 4. 30 3. 06
. 77933E+03

** REGULATORY M XI NG ZONE BOUNDARY **
In this prediction interval the plunme DOMNSTREAM di stance nmeets or exceeds

the regul atory value = 91.44 m
This is the extent of the REGULATORY M XI NG ZONE

94. 69 -0.97 4. 30 66.4 0.173E-02 1.29 13.02 4. 30 3.01
. 83454E+03

100. 93 -0.97 4. 30 72.6 0. 158E-02 1.35 13.57 4. 30 2.94
. 88974E+03

107. 17 -0.97 4. 30 79.3 0. 145E-02 1.42 14. 12 4. 30 2.88
. 94495E+03

113. 41 -0.97 4. 30 86.5 0. 133E-02 1. 49 14. 66 4. 30 2.80
. 10002E+04

119. 65 -0.97 4. 30 94.2 0.122E-02 1.57 15. 18 4. 30 2.73
. 10554E+04

125. 89 -0.97 4. 30 102.4 0.112E-02 1.65 15.70 4. 30 2.65
.11106E+04

132. 13 -0.97 4,30 111.1 0. 104E-02 1.73 16. 21 4,30 2.56
. 11658E+04

138. 37 -0.97 4,30 120. 4 0. 955E-03 1.82 16.72 4,30 2.48
. 12210E+04

144. 61 -0.97 4,30 130. 2 0. 883E-03 1.91 17. 22 4,30 2.38
. 12762E+04

150. 85 -0.97 4,30 140.6 0. 818E-03 2.01 17. 71 4,30 2.29
. 13314E+04

157. 09 -0.97 4,30 151.6 0. 759E-03 2.11 18. 19 4,30 2.19
. 13866E+04

163. 33 -0.97 4,30 163.1 0. 705E-03 2.21 18. 67 4,30 2.09
. 14418E+04

169. 57 -0.97 4,30 175.2 0. 656E-03 2.31 19. 14 4,30 1.98
. 14970E+04

175. 81 -0.97 4. 30 188.0 0. 612E-03 2.42 19. 61 4,30 1.87
. 15522E+04

182. 05 -0.97 4,30 201.3 0.571E-03 2.53 20. 08 4,30 1.76
. 16074E+04

188. 29 -0.97 4,30 215.2 0.534E-03 2.65 20.53 4,30 1.65
. 16626 E+04

194. 53 -0.97 4,30 229.8 0.500E-03 2. 77 20. 99 4,30 1.53
. 17178E+04
Cunul ative travel tine = 1717. 8406 sec

END OF MOD141: BUOYANT AMBI ENT SPREADI NG

BEG N MOD161: PASSI VE AMBI ENT M XI NG I N UNI FORM AMBI ENT

0. 108E-01 nt2/s
0. 135E-01 nt2/s

Vertical diffusivity (initial value)
Hori zontal diffusivity (initial value)

Profile definitions:
BV = Gaussian s.d.*sqrt(pi/2) (46% thickness, neasured vertically
or equal to layer depth, if fully m xed
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BH = Gaussian s.d.*sqrt(pi/2) (46% half-wi dth
measured horizontally in Y-direction
ZU = upper plunme boundary (Z-coordinate)
ZL = |l ower plunme boundary (Z-coordinate)
S = hydrodynamic centerline dilution
C = centerline concentration (includes reaction effects, if any)
TT = Cumul ative travel tine
Plume Stage 2 (bank attached):
X Y z S C BV BH ZU ZL
TT
194. 53 -0.97 4.30 229.8 0.500E-03 2.77 20. 99 4.30 1.53
. 17178E+04
304.71 -0.97 4.30 334.5 0.344E-03 3.85 21.95 4.30 0. 44
. 26927E+04
414. 89 -0.97 4.30 474.8 0.242E-03 5.25 22.87 4.30 -0.95
. 36675E+04

Plune interacts with BOTTOM
The passive diffusion plunme beconmes VERTI CALLY FULLY M XED within this
prediction interval

525. 07 -0.97 4. 30 576.8 0. 199E-03 6. 14 23.76 4. 30 -1.84

. 46423E+04
635. 26 -0.97 4.30 597.6 0.192E-03 6. 14 24.61 4. 30 -1.84

. 56171E+04
745. 44 -0.97 4.30 617.6 0. 186E-03 6. 14 25.44 4. 30 -1.84

. 65919E+04
855. 62 -0.97 4.30 637.0 0.181E-03 6. 14 26. 24 4. 30 -1.84

. 75667E+04
965. 80 -0.97 4. 30 655.8 0. 175E-03 6. 14 27.01 4.30 -1.84

. 85415E+04
1075. 99 -0. 97 4. 30 674.1 0.171E-03 6. 14 27.76 4. 30 -1.84

. 95163E+04
1186. 17 -0.97 4. 30 692.0 0. 166E-03 6. 14 28.50 4. 30 -1.84

. 10491E+05
1296. 35 -0.97 4. 30 709.3 0. 162E-03 6. 14 29.21 4. 30 -1.84

. 11466E+05
1406. 53 -0.97 4. 30 726.3 0. 158E-03 6. 14 29.91 4. 30 -1.84

. 12441E+05
1516. 72 -0.97 4.30 742.9 0. 155E-03 6. 14 30. 60 4. 30 -1.84

. 13416E+05
1626. 90 -0.97 4. 30 759.1 0.151E-03 6. 14 31. 26 4. 30 -1.84

. 14390E+05
1737.08 -0.97 4. 30 774.9 0.148E-03 6. 14 31.92 4. 30 -1.84

. 15365E+05
1847. 26 -0.97 4. 30 790.5 0. 145E-03 6. 14 32. 56 4. 30 -1.84

. 16340E+05
1957. 45 -0.97 4. 30 805.8 0. 143E-03 6. 14 33.19 4. 30 -1.84

. 17315E+05
2067. 63 -0.97 4. 30 820. 7 0. 140E-03 6. 14 33. 80 4. 30 -1.84

. 18290E+05
2177.81 -0.97 4. 30 835.4 0. 138E-03 6. 14 34.41 4. 30 -1.84

. 19264E+05
2287.99 -0.97 4. 30 849.9 0. 135E-03 6. 14 35. 00 4. 30 -1.84

. 20239E+05
2398. 18 -0.97 4. 30 864.1 0. 133E-03 6. 14 35. 59 4. 30 -1.84

. 21214E+05
2508. 36 -0.97 4. 30 878.0 0.131E-03 6. 14 36. 16 4. 30 -1.84

. 22189E+05
2618. 54 -0.97 4. 30 891.8 0.129E-03 6. 14 36. 73 4. 30 -1.84

. 23164E+05
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2728.72 -0.97 4. 30 905.3 0.127E-03 6. 14 37.29 4. 30 -1.84
. 24139E+05

2838.91 -0.97 4.30 918.7 0.125E-03 6.14 37. 84 4.30 -1.84
. 25113E+05

2949. 09 -0.97 4.30 931.9 0.123E-03 6.14 38. 38 4.30 -1.84
. 26088E+05

3059. 27 -0.97 4.30 944.8 0.122E-03 6.14 38.91 4.30 -1.84
. 27063E+05

3169. 45 -0.97 4.30 957.6 0.120E-03 6.14 39. 44 4.30 -1. 84
. 28038E+05

3279. 63 -0.97 4.30 970.3 0.119E-03 6.14 39. 96 4.30 -1. 84
. 29013E+05

3389. 82 -0.97 4.30 982.7 0.117E-03 6.14 40. 47 4. 30 -1. 84
. 29987E+05

3500. 00 -0.97 4.30 995.0 0.116E-03 6.14 40. 98 4.30 -1.84
. 30962E+05
Cunmul ative travel time = 30962. 2207 sec
Simulation Iimt based on maxi mum speci fi ed di stance = 3500. 00 m

This is the REG ON OF | NTEREST [imtation.

END OF MOD161: PASSI VE AMBI ENT M XI NG | N UNI FORM AMBI ENT

CORM X1: Single Port D scharges End of Prediction File
111121111122111222111122111222111212221112221112221122221112122111122111122211112111111
111122111111211111
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CORM X SESSI ON REPORT:
HIRXKKHKIRIAIIKIKIKIRIAIIKIKIIIIKLIHIRIHIKIKIKIIIIKIKIKIHIHIKIIKIIIKIKIKIKIRIIKIIKHKIHIIKIKIKIKIIKIIKIKIKIKIKIKIIAIKIKKHXHXKK
CORM X M XI NG ZONE EXPERT SYSTEM

CORM X Version 6.0GT
HYDROL: Ver si on-6.0. 0.0 Cct ober, 2009

S| TE NAME/ LABEL:

DESI GN CASE:

FI LE NAME:
P-\M xing\Critical Di schargeScenari os\ V. 6. 0\ 400GPMFi nal Ri ver\ JD309(2) 400GPMaSt ea
dyFi nal 6. OR prd

Usi ng subsyst em CORM X1: Singl e Port Discharges

Start of session: 03/ 26/ 2010- - 14: 21: 47

R R Ik I R Ik Ok kR I Ik R R R Rk I b bk Sk R Rk Ik R bk kR SRRk kR ek S Rk

SUWMMARY OF | NPUT DATA:

AMBI ENT PARAMETERS:

JD309( 2) 400GPMaSt eadyFi nal

Cross-section = bounded

Wdt h BS = 158.50 m

Channel regularity | CHREG = 1

Ambi ent flowrate QA = 109.90 m\3/s

Aver age depth HA =6.14 m

Dept h at di scharge HD =4.30m

Ambi ent velocity UA = 0.113 m's

Dar cy- Wi sbach friction factor F = 0.0268

Cal cul ated from Manning's n = 0.025

Wnd vel ocity uw =9.30 m's

Stratification Type STRCND = U

Surface density RHOAS = 1001. 0000 kg/ m3

Bott om density RHOAB = 1001. 0000 kg/ m'3
DI SCHARGE PARAMETERS: Single Port Discharge

Near est bank = right

Di stance to bank DISTB = 0.97 m

Port di ameter DO = 0.0783 m

Port cross-sectional area A0 = 0.0048 nt2

D scharge velocity uo =592 ms

Di scharge flow ate Q = 0. 028558 nt'3/s

Di scharge port hei ght HO =4.30 m

Vertical discharge angle THETA = -89.05 deg

Hori zont al di scharge angl e SIGVA = 90 deg

Di scharge tenperature (freshwater) = 10 degC

Correspondi ng density RHQO 999. 7019 kg/ nt3
Density difference DRHO 1.2981 kg/ m3
Buoyant accel eration GPO 0.0127 m s”"2
Di scharge concentration Co 0.115 ny/|
Surface heat exchange coeff. KS 0 ns
Coef ficient of decay KD 0/s
DI SCHARGE/ ENVI RONMVENT LENGTH SCALES:
LQ =0.07 m Lm = 3.64 m Lb = 0.25 m
LM = 13.84 m Lm = 99999 m Lb" = 99999 m
NON- DI MENSI ONAL PARAMETERS:
Port densinetric Froude number FRO = 187.66
Vel ocity ratio R = 52.42
M XING ZONE / TOXI C DI LUTI ON ZONE / AREA OF | NTEREST PARAMETERS:
Toxi ¢ di scharge = yes
CMC concentration CcMC = 0.0058 ny/|
CCC concentration CcC = 0.00373 ny/l
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Water quality standard specified gi ven by CCC val ue

Regul atory m xi ng zone = yes

Regul atory m xi ng zone specification = di stance

Regul atory m xi ng zone val ue =91.44 m(m2 if area)
Regi on of interest = 3500 m

R R I S S S S O S S S R S S O

HYDRODYNAM C CLASSI FI CATI ON:
*

| FLOWCLASS = IPV4 |

This flow configuration applies to a |layer corresponding to the full water
depth at the discharge site.

Applicable layer depth = water depth = 4.30 m

R R IR I S R I R IRk Ok kR R R Rk kS R R Rk R Rk kA kR R R R Sk kR AR R R I e O S

M XI NG ZONE EVALUATI ON (hydrodynam ¢ and regul atory sunmary):

X-Y-Z Coordi nate system

Oiginis located at the bottom bel ow the port center:
0.97 mfromthe right bank/shore.
Nunber of display steps NSTEP = 30 per nodul e.

NEAR- FI ELD REG ON (NFR) CONDI Tl ONS :

Note: The NFR is the zone of strong initial mxing. It has no regulatory
inmplication. However, this information may be useful for the discharge
desi gner because the mxing in the NFRis usually sensitive to the
di scharge design conditions.

Pol I utant concentration at NFR edge ¢ = 0.0076 ny/l
Dilution at edge of NFR s = 15.1
NFR Locati on: X =4.97 m
(centerline coordinates) y =0.14 m
z =4.30m
NFR pl ume di nensions: half-width (bh) = 0.44 m
t hi ckness (bv) = 4.30 m

Cunul ative travel tine: 40. 7426 sec.
Buoyancy assessment:
The effluent density is |ess than the surroundi ng anmbi ent water
density at the discharge |evel.
Therefore, the effluent is POSI TI VELY BUOYANT and will tend to rise towards
the surface.
Near-field instability behavior:
The discharge flow will experience instabilities with full vertical mxing
in the near-field.
There may be benthic inpact of high pollutant concentrations.
FAR- FI ELD M XI NG SUMVARY:
Plume is vertically fully nmixed WTH N NEAR-FI ELD (or a fraction thereof),
but RE- STRATI FI ES LATER
Pl une becones vertically fully m xed again at 525.07 m downstream
PLUME BANK CONTACT SUMVARY:
Pl ume in bounded section contacts one bank only at 7.33 m downstream
ERE I Rk I I b b S b b S b b I R R TOXI C I] LLJTI O\l ZO\IE SUIV'VARY R I I b b I b S S I b I S b S R R
Recal | : The TDZ corresponds to the three (3) criteria issued in the USEPA
Techni cal Support Docunent (TSD) for Water Quality-based Toxics Control,
1991 ( EPA/ 505/ 2-90-001).
Criterion maxi mum concentration (CVC)
Corresponding dilution

0.0058 my/|
19. 827586
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The CMC was encountered at the foll ow ng plunme position:

Pl ume | ocati on: X = 9.00 m
(centerline coordi nates) y =-0.97 m

z =4.30m

Pl ume di mensi on: hal f-width (bh) = 2.61 m
thickness (bv) = 1.92 m

Conput ed di stance from port opening to CMC | ocation = 9.05 m

CRITERION 1: This location is beyond 50 tinmes the discharge | ength scale of
Lg = 0.07 m

+++++ The discharge | ength scale TEST for the TDZ has FAI LED. ++++++

Conput ed horizontal distance fromport opening to CMC location = 9.05 m
CRITERION 2: This location is within 5 tines the anbient water depth of

HD = 4.30 m
++++++++++ The anbi ent depth TEST for the TDZ has been SATI SFI ED. ++++++++++

Conput ed di stance from port opening to CMC | ocation = 9.05 m
CRITERION 3: This location is within one tenth the distance of the extent
of the Regulatory M xing Zone of 91.45 min any
spatial direction fromthe port opening.
+++++ The Regul atory M xi ng Zone TEST for the TDZ has been SATI SFI ED. ++++++

The diffuser discharge velocity is equal to 5.92 nis.
This exceeds the value of 3.0 m's reconmmended in the TSD.

*** This discharge DOES NOT SATISFY all three CMC criteria for the TDZ ****
kkkhkkhkkkkhkkhkkkkhkhkkhkkikhkkkkhkhk*k REGJLATmY M XI NG ZO\]E SUMVARY kkkhkkhkkkhkhkhkkkhkhkikkkhkhkkikkkhkhkkikkk*k
The plume conditions at the boundary of the specified RMZ are as foll ows:

Pol | ut ant concentrati on ¢ = 0.001815 ny/l
Corresponding dilution S =63.4
Pl une | ocati on: X =91.44 m
(centerline coordinates) y =-0.97 m
z =4.30m
Pl ume di nmensi ons: hal f-width (bh) = 12.72 m
t hi ckness (bv) = 1.26 m
Cunul ative travel tine: 805. 8083 sec.

At this position, the plume is CONTACTI NG the RI GHT bank.

Furthernore, the CCC for the toxic pollutant has indeed been net
within the RMZ. In particular:

The CCC was encountered at the foll owing plune position:

The CCC for the toxic pollutant was encountered at the foll ow ng
pl ume position:

CcC = 0.00373 ny/l
Correspondi ng dilution = 30.8
Pl une | ocati on: X = 40.84 m
(centerline coordinates) y =-0.97 m
z =4.30m
Pl ume di nmensi ons: hal f-width (bh) = 7.49 m
thi ckness (bv) = 1.04 m

kkkhkkhkkhkkhkkhkkkkhkhkhkkhkhkkkkhk*x FI I\IAL |ISI G\I ADVI CE AND (I]VNE'\I‘I’S kkkkhkkhkkikkhkkkkikkikkhkkikkikkhkkikikkk

REM NDER: The user nust take note that HYDRODYNAM C MODELI NG by any known
techni que is NOT AN EXACT SCl ENCE.

Ext ensi ve conparison with field and | aboratory data has shown that the
CORM X predictions on dilutions and concentrations (wi th associ ated
pl ume geonetries) are reliable for the najority of cases and are accurate
to within about +-50% (standard deviation).

As a further safeguard, CORM X will not give predictions whenever it judges
the design configuration as highly conplex and uncertain for prediction.
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CORM X1 PREDI CTI ON FI LE:
1112211112222111222111222112222111222111222111222111222111122111222111221111221111121
11111111112111111
CORM X M XI NG ZONE EXPERT SYSTEM
Subsystem CORM X1: Single Port Discharges
CORM X Version 6.0GT
HYDROL Version 6.0.0.0 Cctober 2009

CASE DESCRI PTI ON
Site nane/| abel :

Desi gn case: JD309( 2) 400GPMySt eadyFi nal 6. 0
FI LE NAME: P:\...\400GPMFi nal Ri ver\ JD309(2) 400GPMbSt eadyFi nal R. prd
Ti me stanp: Fri Mar 26 14:24:42 2010

ENVI RONVENT PARAMETERS (netric units)
Bounded secti on

BS = 158.50 AS = 964.65 QA = 171.71 1CHREG= 1
HA = 6.09 HD = 4. 26

UA = 0.178 F = 0. 027 USTAR =0. 1032E-01

uw = 9. 300 UWSTAR=0. 1193E-01

Uni form density environnent
STRCND= U RHOAM = 1001. 0000

DI SCHARGE PARAMETERS (nmetric units)
Above Surface Di scharge:
Re- conput ed di scharge conditions at entry point at water surface.

BANK = RIGHT DI STB = 1.03

DO = 0.107 A0 = 0. 009 HO = 4.26 SUBO = 0. 00
THETA = 0.00 SIGWA = 90. 00

uwo = 6. 008 QO = 0. 054 =0. 5394E- 01

RHOO = 999.7019 DRHO =0.1298E+01 GPO  =0.1272E-01

Cco =0. 8800E-01 CUNITS= ny/l

IPOLL = 1 KS =0. 0000E+00 KD =0. 0000E+00
FLUX VARI ABLES (netric units)

Q =0. 5394E-01 M =0. 3240E+00 JO =0. 6859E- 03 SI GNJO= 1.0
Associ ated I ength scales (neters)

LQ = 0.09 LM = 16.40 Lm = 3.20 Lb = 0.12

Lmp = 99999.00 Lbp = 199999.00

NON- DI MENSI ONAL  PARAMETERS

FRO = 162.93 R = 33.75
FLOW CLASSI FI CATI ON

111112111211171112112711121121111711121111111111

1 Flow class (CORM X1) = IPvV4 1

1 Applicable |ayer depth HS = 4.26 1
11111211122111211221122112212211211271112111211
M XING ZONE / TOXI C DI LUTION / REG ON OF | NTEREST PARAMETERS

Cco =0. 8800E-01 CUNITS= ny/l

NTOX = 1 CMC  =0.5800E-02 CCC = CSTD

NSTD = 1 CSTD =0. 3730E-02

REGWZ = 1

REGSPC= 1 XREG = 91.44 WREG = 0.00 AREG = 0. 00
XINT = 35000.00 XwMAX = 35000.00
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X-Y-Z COCRDI NATE SYSTEM
CRIAN is located at the bottom and bel ow the center of the port:
1.03 m fromthe RI GHT bank/shore.
X-axis points downstream Y-axis points to left, Z-axis points upward.
NSTEP = 30 display intervals per nodul e

BEG N MOD101: DI SCHARGE MCDULE

X Y Z S C B Uc T
0. 00 0. 00 4. 26 1.0 0. 880E-01 0. 05 6. 008 . 00000E+00

END OF MCD101: DI SCHARGE MODULE

BEG N CORJET (MOD110): JET/ PLUVE NEAR-FI ELD M XI NG REG ON

Jet-like notion in weak crossfl ow.
UNSTABLE NEAR- FI ELD: Jet/plume will mx over full layer depth

Fol l ow ng MOD133 will include recirculation into jet region.
Zone of flow establishment: THETAE= -88.10 Sl GVAE= 68. 25
LE = 0.48 XE = 0.00 YE = 0.02 ZE = 3.78

Profile definitions:

B = Gaussian 1/e (37% half-width, normal to trajectory

S = hydrodynam c centerline dilution

C = centerline concentration (includes reaction effects, if any)

Uc = Local centerline excess velocity (above ambient)

TT = Currul ative travel tine

X Y Z S C B Uc TT
0. 00 0.00 4.26 1.0 0.880E-01 0.05 6. 008 . 00000E+00
0. 00 0.02 3.78 1.0 0.880E-01 0.06 6. 008 . 20742E-02
0. 00 0.02 3. 67 1.0 0.846E-01 0.07 6. 008 . 15999E- 01
0.01 0. 02 3.56 1.2 0.706E-01 0.08 5. 681 . 35461E- 01
0.01 0.03 3.45 1.4 0.618E-01 0.09 4. 969 . 54912E- 01
0. 02 0. 03 3.34 1.6 0.539E-01 0.10 4.331 . 80851E-01
0.03 0.03 3.22 1.8 0.477E-01 0.12 3. 833 . 11031E+00
0. 03 0.04 3.10 2.1 0.428E-01 0. 13 3.434 . 14332E+00
0.04 0. 04 3.00 2.2 0.393E-01 0.14 3.149 . 17447E+00
0. 06 0. 04 2.88 2.5 0.358E-01 0.16 2. 868 . 21417E+00
0. 07 0. 05 2.76 2.7 0.329E-01 0.17 2.629 . 25752E+00
0. 08 0.05 2. 66 2.9 0.307E-01 0.18 2.451 . 29764E+00
0.10 0. 05 2.54 3.1 0.285E-01 0. 20 2.268 . 34792E+00
0.12 0. 06 2.42 3.3 0.265E-01 0.21 2.107 . 40202E+00
0.14 0. 06 2.32 3.5 0. 250E-01 0. 22 1.984 . 45148E+00
0.16 0. 06 2.20 3.8 0.234E-01 0.24 1.854 . 51283E+00
0.18 0. 07 2.09 4.0 0.220E-01 0. 25 1.738 . 57820E+00
0. 20 0. 07 1.99 4.2 0.209E-01 0.27 1. 646 . 63749E+00
0. 23 0. 07 1.87 4.5 0.197E-01 0. 28 1.548 . 71053E+00
0. 26 0. 08 1.76 4.7 0.186E-01 0. 30 1. 459 . 78783E+00
0.29 0.08 1.66 5.0 0.177E-01 0.31 1.388 . 85756E+00
0. 32 0.08 1.54 5.2 0.168E-01 0.33 1.311 . 94305E+00
0. 36 0. 09 1.43 5.5 0.160E-01 0.34 1.239 . 10331E+01
0. 39 0. 09 1.33 5.8 0.153E-01 0.36 1.182 . 11140E+01
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0. 43 0. 09 1.22 6.1 0.145E-01 0. 37 1.119 . 12129E+01
0. 47 0.10 1.11 6.4 0.138E-01 0. 39 1. 060 . 13166E+01
0.51 0.10 1.02 6.6 0.133E-01 0. 40 1.013 . 14096E+01
0. 55 0.10 0.91 7.0 0.126E-01 0.42 0. 961 . 15228E+01
0. 60 0.11 0. 80 7.3 0.121E-01 0. 44 0.912 . 16413E+01
0. 65 0.11 0.70 7.6 0.116E-01 0. 46 0.872 . 17473E+01
0.70 0.11 0. 60 8.0 0.111E-01 0. 48 0. 828 . 18760E+01
0.75 0.12 0. 49 8.3 0.106E-01 0. 49 0.792 . 19909E+01
Cunul ative travel time = 1.9909 sec

END OF CORJET (MOD110): JET/ PLUME NEAR- FI ELD M XI NG REG ON

BEGA N MOD133: LAYER BOUNDARY | MPI NGEMENT/ FULL VERTI CAL M XI NG
Control volune infl ow
X Y Z S C B TT
0.75 0.12 0. 49 8.3 0.106E-01 0.49 .19909E+01

Profile definitions:

BV = layer depth (vertically m xed)
BH = top-hat half-width, in horizontal plane normal to trajectory
ZU = upper plunme boundary (Z-coordinate)
ZL = | ower plunme boundary (Z-coordinate)
S = hydrodynani c average (bul k) dilution
C = average (bul k) concentration (includes reaction effects, if any)
TT = Cumul ative travel tine
X Y z S C BV BH ZU ZL
TT
0. 26 0.24 4. 26 8.3 0. 106E-01 0. 00 0. 00 4. 26 4. 26
. 19909E+01
0.74 0.24 4. 26 8.3 0.106E-01 4.26 0. 13 4. 26 0. 00
. 19909E+01
1.21 0.24 4. 26 8.4 0.105E-01 4.26 0. 18 4. 26 0. 00
. 45687E+01
1.69 0.24 4.26 8.8 0.994E-02 4.26 0.23 4.26 0. 00
. 72383E+01
2.16 0.24 4.26 9.4 0.932E-02 4.26 0. 26 4.26 0. 00
. 99079E+01
2.64 0.24 4.26 10.1 0.874E-02 4.26 0.29 4.26 0. 00
. 12578E+02
3.11 0.24 4.26 10.6 0.830E-02 4.26 0.32 4.26 0. 00
. 15247E+02
3.59 0.24 4. 26 11.0 0.799E-02 4.26 0. 34 4. 26 0. 00
. 17917E+02
4. 06 0.24 4. 26 11.3 0.780E-02 4.26 0. 37 4. 26 0. 00
. 20586E+02
4.54 0.24 4. 26 11.4 0.769E-02 4.26 0. 39 4. 26 0. 00
. 23256E+02
5.01 0.24 4. 26 11.6 0.760E-02 4.26 0.41 4. 26 0. 00
. 25926E+02
Cunul ative travel time = 25. 9256 sec

END COF MCD133: LAYER BOUNDARY | MPI NGEMENT/ FULL VERTI CAL M XI NG

** End of NEAR-FI ELD REG ON (NFR) **
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BEG N MOD141: BUOYANT AMBI ENT SPREADI NG

Profile definitions:

BV = top-hat thickness, neasured vertically
BH = top-hat hal f-wi dth, nmeasured horizontally in Y-direction
ZU = upper plunme boundary (Z-coordinate)
ZL = |l ower plunme boundary (Z-coordinate)
S = hydrodynam c average (bul k) dilution
C = average (bul k) concentration (includes reaction effects, if any)
TT = Cumul ative travel time
Plume Stage 1 (not bank attached):
X Y z S C BV BH ZU ZL
TT
5.01 0.24 4.26 11.6 0.760E-02 4.26 0.41 4.26 0. 00
. 25926E+02
5.16 0.24 4.26 11.8 0. 743E-02 3.98 0. 45 4.26 0. 28
. 26762E+02
5.31 0.24 4.26 12.1 0. 728E-02 3.74 0. 49 4.26 0.52
. 27598E+02
5. 46 0.24 4.26 12.3 0. 715E-02 3.55 0.53 4.26 0.71
. 28434E+02
5.61 0.24 4.26 12.5 0. 703E-02 3.38 0.56 4.26 0. 88
. 29270E+02
5.76 0.24 4.26 12.7 0.693E-02 3.23 0.59 4.26 1.03
. 30106E+02
5.91 0.24 4.26 12.9 0. 684E-02 3.11 0. 63 4.26 1.16
. 30942E+02
6. 06 0.24 4. 26 13.0 0. 675E-02 2.99 0. 66 4. 26 1.27
. 31779E+02
6. 20 0.24 4. 26 13.2 0.667E-02 2.89 0. 69 4. 26 1.37
. 32615E+02
6. 35 0.24 4. 26 13. 3 0. 660E-02 2.80 0.72 4. 26 1.47
. 33451E+02
6. 50 0.24 4. 26 13.5 0. 653E-02 2.71 0.75 4. 26 1.55
. 34287E+02
6. 65 0.24 4.26 13.6 0.647E-02 2.63 0.78 4.26 1.63
. 35123E+02
6. 80 0.24 4.26 13.7 0. 641E-02 2.56 0.81 4.26 1.70
. 35959E+02
6. 95 0.24 4.26 13.8 0. 635E-02 2.50 0. 84 4.26 1.76
. 36795E+02
7.10 0.24 4.26 14.0 0. 630E-02 2.44 0. 87 4.26 1.82
. 37632E+02
7.25 0.24 4. 26 14.1 0. 625E-02 2. 38 0.90 4. 26 1.88
. 38468E+02
7.40 0.24 4. 26 14.2 0.621E-02 2.33 0.92 4. 26 1.93
. 39304E+02
7.54 0.24 4. 26 14.3 0. 616E-02 2.28 0.95 4. 26 1.98
. 40140E+02
7.69 0.24 4. 26 14.4 0.612E-02 2.23 0.98 4. 26 2.03
. 40976E+02
7.84 0.24 4.26 14.5 0. 608E-02 2.19 1.00 4.26 2.07
. 41812E+02
7.99 0.24 4.26 14.6 0.604E-02 2.15 1.03 4.26 2.11
. 42648E+02
8.14 0.24 4.26 14.7 0.600E-02 2.11 1.05 4.26 2.15
. 43485E+02
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8.29 0.24 4. 26 14. 8 0. 596E-02 2. 07 1.08 4. 26 2.19
. 44321E+02

8. 44 0.24 4. 26 14. 8 0. 593E-02 2.04 1.10 4. 26 2.22
. 45157E+02

8. 59 0.24 4. 26 14.9 0. 590E-02 2.01 1.13 4. 26 2.25
. 45993E+02

8.74 0.24 4.26 15.0 0. 586E-02 1.97 1.15 4. 26 2.29
. 46829E+02

8. 88 0.24 4. 26 15.1 0. 583E-02 1.94 1.18 4. 26 2.32
. 47665E+02

9. 03 0.24 4. 26 15.2 0. 580E-02 1.92 1.20 4. 26 2.34
. 48501E+02

** CMC HAS BEEN FOUND **

The pol lutant concentration in the plunme falls bel ow CMC val ue of 0.580E-02
in the current prediction interval.

This is the extent of the TOXI C DI LUTI ON ZONE

9.18 0.24 4,26 15.2 0.577E-02 1.89 1.22 4. 26 2. 37
. 49338E+02

9. 33 0.24 4,26 15.3 0.574E-02 1.86 1.25 4,26 2.40
. 50174E+02

9. 48 0.24 4,26 15.4 0.572E-02 1.84 1.27 4,26 2.42
. 51010E+02
Cunmul ative travel time = 51. 0098 sec

Pl une is ATTACHED to RI GHT bank/ shor e.
Plune width is now determ ned from Rl GHT bank/ shore.

Plume Stage 2 (bank attached):

X Y y4 S C BV BH ZU ZL
T
9. 48 -1.03 4.26 15.4 0.572E-02 1.84 2.54 4.26 2.42
. 51010E+02
17. 88 -1.03 4.26 17.2 0.512E-02 1.41 3.69 4.26 2.85
. 98213E+02
26. 29 -1.03 4.26 18.7 0.471E-02 1.21 4.68 4.26 3.05
. 14542E+03
34. 69 -1.03 4.26 20.2 0.435E-02 1.10 5. 56 4. 26 3.16
. 19262E+03
43. 10 -1.03 4.26 21.9 0.403E-02 1.04 6. 37 4. 26 3.22
. 23982E+03

**WATER QUALI TY STANDARD OR CCC HAS BEEN FOUND**

The pol | utant concentration in the plunme falls bel ow water quality standard
or CCC value of 0.373E-02 in the current prediction interval.

This is the spatial extent of concentrations exceeding the water quality
standard or CCC val ue.

51. 50 -1.03 4.26 23.7 0.372E-02 1.01 7.12 4. 26 3.25
. 28702E+03

59.91 -1.03 4. 26 25.7 0.342E-02 1.00 7.83 4. 26 3. 26
. 33423E+03

68. 31 -1.03 4.26 28.0 0. 314E-02 1.00 8. 50 4. 26 3. 26
. 38143E+03

76.72 -1.03 4.26 30.6 0.288E-02 1.01 9.15 4. 26 3.25
. 42863E+03

85.12 -1.083 4. 26 33.4 0. 263E-02 1.04 9.77 4.26 3.22
. 47584E+03

** REGULATORY M XI NG ZONE BOUNDARY **
In this prediction interval the plunme DOMNSTREAM di stance neets or exceeds
the regul atory value = 91.44 m
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This is the extent of the REGIATORY M XI NG ZONE

93. 53 -1.03 4.26 36.6 0.240E-02 1.07 10. 37 4.26 3.19
. 52304E+03
101. 93 -1.03 4.26 40.1 0.219E-02 1.11 10. 96 4.26 3.15
. 57024E+03
110. 34 -1.03 4,26 43.9 0.200E-02 1.15 11. 53 4,26 3.11
. 61744E+03
118. 74 -1.03 4. 26 48.1 0.183E-02 1.21 12. 08 4,26 3.05
. 66465E+03
127. 15 -1.03 4. 26 52.6 0.167E-02 1.26 12. 62 4. 26 3.00
. 71185E+03
135.55 -1.03 4. 26 57.5 0. 153E-02 1.32 13.15 4. 26 2.94
. 7T5905E+03
143. 96 -1.03 4. 26 62.8 0. 140E-02 1.39 13. 67 4. 26 2.87
. 80626 E+03
152. 36 -1.03 4. 26 68.4 0. 129E-02 1. 46 14. 18 4. 26 2.80
. 85346E+03
160. 77 -1.03 4. 26 74.5 0. 118E-02 1.54 14. 68 4. 26 2.72
. 90066E+03
169. 17 -1.03 4. 26 80.9 0. 109E-02 1.62 15. 18 4. 26 2.65
. 94786E+03
177.58 -1.03 4,26 87.8 0. 100E-02 1.70 15. 67 4. 26 2.56
. 99507E+03
185. 98 -1.03 4,26 95.0 0. 926E-03 1.78 16. 15 4,26 2.48
. 10423E+04
194. 38 -1.03 4,26 102.7 0. 856E-03 1.87 16. 62 4,26 2.39
. 10895E+04
202. 79 -1.03 4,26 110.9 0. 794E- 03 1.97 17.09 4,26 2.29
. 11367E+04
211. 19 -1.03 4. 26 119.5 0. 737E-03 2.06 17.55 4.26 2.20
. 11839E+04
219. 60 -1.03 4.26 128.5 0. 685E-03 2.16 18. 01 4.26 2.10
.12311E+04
228. 00 -1.03 4.26 138.0 0. 638E-03 2.26 18. 46 4.26 2.00
. 12783E+04
236. 41 -1.03 4.26 147.9 0. 595E-03 2.37 18.91 4.26 1.89
. 13255E+04
244. 81 -1.03 4.26 158. 3 0. 556E- 03 2.48 19. 35 4.26 1.78
. 13727E+04
253. 22 -1.03 4. 26 169. 2 0. 520E-03 2. 59 19. 79 4. 26 1. 67
. 14199E+04
261. 62 -1.03 4. 26 180.6 0.487E-03 2.71 20. 22 4. 26 1.55
. 14671E+04
Cunul ative travel tinme = 1467. 0963 sec

END OF MOD141: BUOYANT AMBI ENT SPREADI NG

BEG N MOD161: PASSI VE AMBI ENT M XI NG | N UNI FORM AMBI ENT

0. 120E-01 nt2/s
0. 150E- 01 nt2/s

Vertical diffusivity (initial value)
Hori zontal diffusivity (initial value)

Profile definitions:

BV = Gaussian s.d.*sqrt(pi/2) (46% thickness, neasured vertically
= or equal to layer depth, if fully m xed
BH = Gaussian s.d.*sqrt(pi/2) (46% half-w dth,
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measured horizontally in Y-direction
pl ume boundary (Z-coordinate)
pl ume boundary (Z-coordinate)

ZU
ZL
S
C
TT

upper
| owner
hydr odynani c centerline dilution
centerline concentration (includes reaction effects,
Cunul ative trave

tinme

Plume Stage 2 (bank attached):

X
TT
261. 62
. 14671E+04

Plune interacts with BOTTOM
The passive diffusion plume becormes VERTI CALLY FULLY M XED wi t hin
prediction interval.

1419. 57

. 79704E+04
2577.51

. 14474E+05
3735. 46

. 20977E+05
4893. 41

. 27480E+05
6051. 35

. 33983E+05
7209. 30

. 40487E+05
8367. 24

. 46990E+05
9525. 19

. 53493E+05
10683. 14

. 59997E+05
11841. 08

. 66500E+05
12999. 03

. 73003E+05
14156. 98

. 79506E+05
15314.92

. 86010E+05
16472. 87

. 92513E+05
17630. 81

. 99016E+05
18788. 76

. 10552E+06
19946. 70

. 11202E+06
21104. 65

. 11853E+06
22262. 59

. 12503E+06
23420. 54

. 13153E+06
24578. 48

. 13804E+06
25736. 43

. 14454E+06

-1

-1

-1

Y

.03

.03

.03

.03

.03

.03

.03

.03

.03

.03

.03

.03

.03

.03

.03

.03

.03

.03

.03

.03

.03

.03

.03

z

4.26

4.

4.

26

26

. 26

. 26

. 26

. 26

. 26

. 26

. 26

. 26

. 26

. 26

. 26

. 26

. 26

. 26

. 26

. 26

. 26

. 26

. 26

. 26

S

C

180.6 0.487E-03

537.

642.

732.

812.

885.

952.

1015.

1074.

1130.

1184.

1235.

1284.

1331.

1377.

1421.

1464.

1506.

1546.

1586.

1624.

1662.

1699.
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2

0

0.

. 164E- 03

137E-03

. 120E- 03

. 108E- 03

. 994E- 04

. 924E- 04

. 867E-04

. 819E- 04

. 778E- 04

. T43E- 04

. 712E- 04

. 685E- 04

. 661E-04

. 639E- 04

. 619E- 04

. 601E- 04

. 584E- 04

. 569E- 04

. 555E- 04

. 542E- 04

. 529E- 04

. 518E- 04

2.

6.

6.

BV

71

09

09

.09

.09

.09

.09

.09

.09

.09

.09

.09

.09

.09

.09

.09

.09

.09

.09

.09

.09

.09

.09

BH

20. 22

26. 75
31. 97
36. 45
40. 44
44. 07
47. 42
50. 55
53. 50
56. 29
58. 96
61. 50
63. 95
66. 30
68. 57
70.78
72.91
74. 98
77.00
78. 97
80. 89
82.76

84.59

i f any)

ZU
4.26 1.
this

4.26 -1
4.26 -1
4.26 -1
4.26 -1
4.26 -1
4. 26 -1
4. 26 -1
4.26 -1
4. 26 -1
4. 26 -1
4. 26 -1
4.26 -1
4.26 -1
4.26 -1
4.26 -1
4.26 -1
4. 26 -1
4. 26 -1
4. 26 -1
4. 26 -1
4.26 -1
4.26 -1
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ZL

55

.83

.83

.83

.83

.83

.83

.83

.83

.83

.83

.83

.83

.83

.83

.83

.83

.83

.83

.83

.83

. 83

. 83



26894. 38 -1.03 4.26 1735.2 0.507E-04 6. 09 86. 39 4. 26 -1.83
. 15104E+06

28052. 32 -1.03 4.26 1770.5 0.497E-04 6.09 88. 14 4.26 -1.83
. 15755E+06

29210. 27 -1.03 4.26 1805.1 0.488E-04 6.09 89. 87 4.26 -1.83
. 16405E+06

30368. 21 -1.03 4.26 1839.0 0.479E-04 6.09 91. 56 4.26 -1.83
. 17055E+06

31526. 16 -1.03 4.26 1872.4 0.470E-04 6.09 93. 22 4.26 -1.83
. 17706E+06

32684. 10 -1.03 4.26 1905.1 0.462E-04 6.09 94. 85 4.26 -1.83
. 18356E+06

33842. 05 -1.03 4.26 1937.3 0.454E-04 6.09 96. 45 4.26 -1.83
. 19006E+06

34999. 99 -1.03 4.26 1969.0 0.447E-04 6.09 98. 03 4.26 -1.83
. 19657E+06

Cunul ative travel time = 196565. 2344 sec

Simulation imt based on maxi mum speci fied di stance = 35000.00 m

This is the REG ON OF | NTEREST linitation.

END OF MOD161: PASSI VE AMBI ENT M XI NG | N UNI FORM AMBI ENT

CORM X1: Single Port D scharges End of Prediction File
1112111112222111212212111222111222211122211112221112122111122211112221112221112221111221111121
111211111112111111
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CORM X SESSI ON REPORT:
OO0 000 00000.090.000.0.000.0000.000.0000000.000009.0.000.000.000.0.000.000.0.000.000.0000.000.000.64
CORM X M XI NG ZONE EXPERT SYSTEM
CORM X Version 6.0GT
HYDROL: Versi on-6.0. 0.0 Cctober, 2009

SI TE NAME/ LABEL:
DESI GN CASE:
FI LE NAME:

P-\M xing\Critical Di schargeScenari os\ V. 6. 0\ 400GPMFi nal Ri ver\ JD309(2) 400GPMb St ea

dyFi nal R prd
Usi ng subsyst em CORM X1:
Start of session:

SUWMMARY OF | NPUT DATA:

AMBI ENT PARAMETERS:

JD309( 2) 400GPMuSt eadyFi nal 6. 0

Singl e Port Discharges
03/ 26/ 2010- - 14: 24: 42

R R Ik I R Ik Ok kR I Ik R R R Rk I b bk Sk R Rk Ik R bk kR SRRk kR ek S Rk

Cross-section = bounded
Wdt h BS = 158.50 m
Channel regularity | CHREG = 1
Ambi ent flowrate QA = 171.71 m3/s
Aver age depth HA =6.09 m
Dept h at di scharge HD =4.26m
Ambi ent velocity UA = 0.178 m's
Dar cy- Wi sbach friction factor F = 0. 0269
Cal cul ated from Manning's n = 0.025
Wnd vel ocity uw =9.30 m's
Stratification Type STRCND = U
Surface density RHOAS = 1001. 0000 kg/ m3
Bott om density RHOAB = 1001. 0000 kg/ m'3
DI SCHARGE PARAMETERS: Single Port Discharge
Near est bank = right
Di stance to bank DISTB = 1.03 m
Port di ameter DO = 0.1069 m
Port cross-sectional area A0 = 0.0090 nt2
D scharge velocity uo =6.01 ms
Di scharge flow ate Q = 0.053935 nt3/s
Di scharge port hei ght HO =4.26 m
Vertical discharge angle THETA = -88.24 deg
Hori zont al di scharge angl e SIGVA = 90 deg
Di scharge tenperature (freshwater) = 10 degC
Correspondi ng density RHOO = 999.7019 kg/ m3
Density difference DRHO = 1.2981 kg/ m3
Buoyant accel eration GP0 = 0.0127 m s”2
Di scharge concentration Co = 0.088 ny/l
Surface heat exchange coeff. KS =0ns
Coef ficient of decay KD =0/s
DI SCHARGE/ ENVI RONMENT LENGTH SCALES:
LQ =0.09 m Lm = 3.20 m Lb =0.12 m
LM = 16.40 m Lm = 99999 m Lb" = 99999 m
NON- DI MENSI ONAL PARAMETERS:
Port densinetric Froude number FRO = 162.93
Vel ocity ratio R = 33.75
M XI NG ZONE / TOXI C DI LUTI ON ZONE / AREA OF | NTEREST PARAMETERS:
Toxi ¢ di scharge = yes
CMC concentration CcMC = 0.0058 ny/|
CCC concentration CcC = 0.00373 ny/l
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Water quality standard specified gi ven by CCC val ue

Regul atory m xi ng zone = yes

Regul atory m xi ng zone specification = di stance

Regul atory m xi ng zone val ue =91.44 m(m2 if area)
Regi on of interest = 35000 m

R R I S S S S O S S S R S S O

HYDRODYNAM C CLASSI FI CATI ON:
*

| FLOWCLASS = IPV4 |

This flow configuration applies to a |layer corresponding to the full water
depth at the discharge site.

Applicable layer depth = water depth = 4.26 m

R R I Sk R S R IRk Ok kR I IRk kI b kR R R Rk Sk b kO R Rk kb Ok O R Rk S b O R

M XI NG ZONE EVALUATI ON (hydrodynam ¢ and regul atory sunmary):

X-Y-Z Coordi nate system

Oiginis located at the bottom bel ow the port center:
1.03 mfromthe right bank/shore.
Nunber of display steps NSTEP = 30 per nodul e.

NEAR- FI ELD REG ON (NFR) CONDI Tl ONS :

Note: The NFR is the zone of strong initial mxing. It has no regulatory
inmplication. However, this information may be useful for the discharge
desi gner because the mxing in the NFRis usually sensitive to the
di scharge desi gn conditions.

Pol I utant concentration at NFR edge ¢ = 0.0076 ny/l
Dilution at edge of NFR s = 11.6
NFR Locati on: Xx =501 m
(centerline coordinates) y =0.24 m
z =4.26m
NFR pl ume di nensions: half-width (bh) = 0.41 m
t hi ckness (bv) = 4.26 m

Cunul ative travel tine: 25. 9256 sec.
Buoyancy assessment:
The effluent density is |ess than the surroundi ng anmbi ent water
density at the discharge |evel.
Therefore, the effluent is POSI TI VELY BUOYANT and will tend to rise towards
the surface.
Near-field instability behavior:
The discharge flow will experience instabilities with full vertical mxing
in the near-field.
There may be benthic inpact of high pollutant concentrations.
FAR- FI ELD M XI NG SUMVARY:
Plume is vertically fully nmixed WTH N NEAR-FI ELD (or a fraction thereof),
but RE- STRATI FI ES LATER
Pl une becones vertically fully m xed again at 1419.57 m downstream
PLUME BANK CONTACT SUMVARY:
Pl ume in bounded section contacts one bank only at 9.48 m downstream
ERE I Rk I I b b S b b S b b I R R TOXI C I] LLJTI O\l ZO\IE SUIV'VARY ER R I I b b I b b S I b I S S I
Recal | : The TDZ corresponds to the three (3) criteria issued in the USEPA
Techni cal Support Docunent (TSD) for Water Quality-based Toxics Control,
1991 ( EPA/ 505/ 2-90-001).
Criterion maxi mum concentration (CVO)
Corresponding dilution

0.0058 my/|
15. 172414
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The CMC was encountered at the foll owi ng plume position

Pl ume | ocati on: X =9.05 m
(centerline coordi nates) y =0.24 m

z =4.26m

Pl ume di nmensi on: hal f-width (bh) = 1.20 m
thickness (bv) = 1.91 m

Conput ed di stance from port opening to CMC | ocation = 9.05 m

CRITERION 1: This location is beyond 50 tines the discharge | ength scale of
Lg = 0.09 m

+++++ The discharge length scale TEST for the TDZ has FAI LED. ++++++

Conput ed horizontal distance fromport opening to CMC | ocation = 9.05 m
CRITERION 2: This location is within 5 tines the anbient water depth of

HD = 4.26 m
++++++++++ The anbi ent depth TEST for the TDZ has been SATI SFlI ED. ++++++++++

Conput ed di stance from port opening to CMC | ocation = 9.05 m
CRITERION 3: This location is within one tenth the distance of the extent
of the Regulatory M xing Zone of 91.45 min any
spatial direction fromthe port opening.
+++++ The Regul atory M xi ng Zone TEST for the TDZ has been SATI SFI ED. ++++++

The diffuser discharge velocity is equal to 6.01 nis.
This exceeds the value of 3.0 m's recommended in the TSD.

*** This discharge DOES NOT SATISFY all three CMC criteria for the TDZ ****
kkkhkkhkkhkkhkhkkhkkikhkkhkkikhkkhkkhkhkk*k REGJLATmY MXI NG ZO\]E SUM\/ARY kkkkhkkkhkhkkkkhkhkkkkhkhkkkkhkhkkikk*%
The plume conditions at the boundary of the specified RMZ are as foll ows:

Pol | ut ant concentration ¢ = 0.002459 ny/l
Corresponding dilution s = 35.8
Pl ume | ocati on: X = 91.44 m
(centerline coordinates) y =-1.03 m
z =4.26m
Pl ume di nmensi ons: hal f-wi dth (bh) = 10.23 m
t hi ckness (bv) = 1.06 m
Cunul ative travel tine: 511. 3139 sec.

At this position, the plune is CONTACTI NG t he Rl GHT bank

Furthernore, the CCC for the toxic pollutant has indeed been net
within the RMZ. I n particul ar

The CCC was encountered at the foll owing plume position

The CCC for the toxic pollutant was encountered at the foll ow ng
pl umre position:

CCcC = 0.00373 ny/l
Correspondi ng dilution = 23.6
Pl unme | ocati on: Xx =51.14 m
(centerline coordinates) y =-1.03 m
zZ =4.26m
Pl ume di nmensi ons: hal f-width (bh) = 7.09 m
thi ckness (bv) = 1.01 m

kkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkkkhkix FI ML |ISI G\I ADVI CE AND COVNE'\I‘I’S kkkkkkhkkhkkhkkkhkkikkhkkhkkikkhkkhkkikhkk*k

REM NDER: The user nust take note that HYDRODYNAM C MODELI NG by any known
techni que is NOT AN EXACT SClI ENCE

Ext ensi ve conparison with field and | aboratory data has shown that the
CORM X predictions on dilutions and concentrations (with associated
pl ume geonetries) are reliable for the majority of cases and are accurate
to within about +-50% (standard devi ation).

As a further safeguard, CORM X will not give predictions whenever it judges
the design configuration as highly conplex and uncertain for prediction.
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CORM X1 PREDI CTI ON FI LE:
1112211112222111222111222112222111222111222111222111222111122111222111221111221111121
11111111112111111
CORM X M XI NG ZONE EXPERT SYSTEM
Subsystem CORM X1: Single Port Discharges
CORM X Version 6.0GT
HYDROL Version 6.0.0.0 Cctober 2009

CASE DESCRI PTI ON

Site name/l abel : SI M

Desi gn case: JD309400GPMe St eadyFi nal 6. 0

FI LE NAME: P:\...\400GPMFi nal Ri ver\ JD309400GPMt: St eadyFi nal 6. OR. prd
Ti me stanp: Fri Mar 26 14:30:40 2010

ENVI RONVENT PARAMETERS (netric units)
Bounded secti on

BS = 158.50 AS = 1226.10 QA = 138.55 ICHREG= 1
HA = 7.74 HD = 5.42

UA = 0.113 F = 0. 025 USTAR =0. 6293E- 02

uw = 9. 300 UWSTAR=0. 1193E-01

Uni form density environnent
STRCND= U RHOAM = 1001. 0000

DI SCHARGE PARAMETERS (nmetric units)
Above Surface Di scharge:
Re- conput ed di scharge conditions at entry point at water surface.

BANK = RIGHT DI STB = 0.93
DO = 0.137 A0 = 0.015 HO = 5.42 SUBO = 0. 00
THETA = 0.00 SIGWA = 90. 00
uo = 1.928 QO = 0. 029 =0. 2856E- 01
RHOO = 999.7019 DRHO =0.1298E+01 GPO  =0.1272E-01
0 =0. 1720E+00 CUNITS= ny/l
IPOLL = 1 KS =0. 0000E+00 KD =0. 0000E+00
FLUX VARI ABLES (netric units)
Q =0. 2856E-01 M =0. 5505E- 01 JO =0. 3632E- 03 SI GNJO= 1.0
Associ ated I ength scales (nmeters)
LQ = 0.12 LM = 5.96 Lm = 2.08 Lb = 0.25
Lmp = 99999.00 Lbp = 199999.00
NON- DI MENSI ONAL PARAMVETERS
FRO = 46.13 R = 17. 06
FLOW CLASSI FI CATI ON
111112111211171112111217111211217111711121111111111
1 Flowclass (CORM X1) = IPV3 1
1 Applicable layer depth HS = 5.42 1
1111121112211211221122112212211211271112111211
M XING ZONE / TOXI C DI LUTION / REG ON OF | NTEREST PARAMETERS
0 =0. 1720E+00 CUNITS= nu/l
NTOX = 1 CMC  =0.5800E-02 CCC = CSTD
NSTD = 1 CSTD =0. 3730E-02
REGW = 1
REGSPC= 1 XREG = 91.44 WREG = 0.00 AREG = 0. 00
XINT = 3500.00 XwMAX =  3500.00

JD309400GPMcSteadyFinal6.0R.prd.docx Page 1 of 7



X-Y-Z COCRDI NATE SYSTEM
CRIAN is located at the bottom and bel ow the center of the port:
0.93 m fromthe RI GAT bank/shore.
X-axis points downstream Y-axis points to left, Z-axis points upward.
NSTEP = 30 display intervals per nodul e

BEG N MOD101: DI SCHARGE MCDULE

X Y Z S C B Uc T
0. 00 0. 00 5.42 1.0 0.172E+00 0.07 1.928 . 00000E+00

END OF MCD101: DI SCHARGE MODULE

BEG N CORJET (MOD110): JET/ PLUVE NEAR-FI ELD M XI NG REG ON

Zone of flow establishnment: THETAE= -86.78 S| GVAE= 64. 44
LE = 0.56 XE = 0.01 VYE = 0.03 ZE = 4. 86

Profile definitions:

B = Gaussian 1/e (37% half-width, normal to trajectory

S = hydrodynam c centerline dilution

C = centerline concentration (includes reaction effects, if any)

Uc = Local centerline excess velocity (above anbient)

TT = Currul ative travel tinme

X Y z S C B Uc TT
0. 00 0.00 5.42 1.0 0.172E+00 0. 07 1.928 . 00000E+00
0.01 0.03 4. 86 1.0 0.172E+00 0.07 1.928 .10737E- 01
0.01 0.04 4.69 1.1 0.156E+00 0.09 1.928 . 85044E- 01
0. 03 0.05 4.50 1.4 0.125E+00 0.11 1.639 . 19351E+00
0. 05 0. 06 4.30 1.7 0.104E+00 0. 14 1. 352 . 32614E+00
0. 07 0. 07 4.14 1.9 0.902E-01 0.16 1.167 . 45981E+00
0.11 0.08 3.94 2.2 0.777E-01  0.18 0. 996 . 64018E+00
0. 15 0. 09 3.75 2.5 0.677E-01 0.21 0. 859 . 84833E+00
0.19 0. 09 3.59 2.8 0.606E-01 0.23 0.761 . 10502E+01
0.25 0.10 3.41 3.2 0.536E-01 0.26 0. 663 . 13151E+01
0.31 0.11 3.25 3.6 0.484E-01 0.28 0.591 . 15690E+01
0. 39 0.12 3. 07 4.0 0.431E-01 0.31 0. 517 . 18988E+01
0. 48 0.13 2.90 4.5 0.386E-01 0.34 0. 452 . 22675E+01
0. 57 0.14 2.75 4.9 0.351E-01 0.37 0.403 . 26167E+01
0. 67 0.15 2.59 5.4 0.316E-01 0.40 0. 353 . 30649E+01
0.79 0.15 2.43 6.0 0.285E-01 0.44 0. 309 . 35595E+01
0.90 0.16 2.30 6.6 0.262E-01 0.47 0.277 . 40215E+01
1.03 0.17 2.16 7.2 0.239E-01 0.50 0. 243 . 46062E+01
1.17 0.18 2.02 7.9 0.218E-01 0.54 0. 215 . 52403E+01
1.30 0.18 1.91 8.5 0.203E-01 0.57 0. 194 . 58228E+01
1.45 0.19 1.79 9.2 0.187E-01 0.60 0.172 . 65470E+01
1.61 0. 20 1.68 9.9 0.174E-01  0.63 0. 154 . 73177E+01
1.75 0.20 1.58 10.5 0.164E-01 0.66 0. 141 . 80136E+01
1.92 0.21 1.48 11.2 0.153E-01 0.69 0.128 . 88646E+01
2.09 0.21 1.39 11.9 0.144E-01 0.71 0.116 . 97555E+01
2.24 0.22 1.31 12.5 0.137E-01 0.74 0. 107 . 10549E+02
2.41 0.22 1.22 13.2 0.130E-01 0.76 0. 099 . 11508E+02
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2.59 0. 23 1.14 13.9 0.124E-01 0.79 0. 091 . 12500E+02

2.75 0. 23 1.08 14.5 0. 119E-01 0.81 0. 085 . 13375E+02

2.93 0. 24 1.01 15.2 0.113E-01 0. 83 0.079 . 14422E+02

3.11 0.24 0. 94 15.8 0. 109E-01 0. 85 0.074 . 15497E+02

3.30 0.24 0. 87 16.4 0. 105E-01 0. 87 0. 070 . 16437E+02
Cunul ative travel time = 16. 4371 sec

END OF CORJET (MOD110): JET/ PLUME NEAR-FI ELD M XI NG REG ON

BEG N MOD131: LAYER BOUNDARY/ TERM NAL LAYER APPRQACH
Control vol une infl ow
X Y Y4 S C B TT
3.30 0.24 0. 87 16.4 0. 105E-01 0. 87 .16437E+02

Profile definitions:

BV = top-hat thickness, neasured vertically
BH = top-hat half-w dth, neasured horizontally in Y-direction
ZU = upper plunme boundary (Z-coordinate)
ZL = |l ower plunme boundary (Z-coordinate)
S = hydrodynam c average (bul k) dilution
C = average (bul k) concentration (includes reaction effects, if any)
TT = Cumul ative travel tinme
X Y z S C BV BH ZU ZL
TT
2.42 0.23 5.42 16.4 0. 105E-01 0. 00 0.00 5.42 5.42
. 16437E+02
2.69 0.24 5.42 16.4 0. 105E-01 1.18 0.59 5.42 4.24
. 16437E+02
2.95 0.24 5.42 16.4 0. 105E-01 1.40 0. 84 5.42 4.02
. 16437E+02
3.21 0.24 5.42 16.4 0. 105E-01 1.54 1.03 5.42 3.88
. 16437E+02
3. 47 0.25 5.42 16.8 0. 102E-01 1.64 1.19 5.42 3.77
. 17983E+02
3.73 0.25 5.42 18.9 0. 909E-02 1.72 1.33 5.42 3. 69
. 20300E+02
3.99 0.25 5.42 21.8 0.789E-02 1.78 1.45 5.42 3. 64
. 22617E+02
4. 26 0.25 5.42 24.4 0.704E-02 1.82 1.57 5.42 3.59
. 24934E+02
4.52 0. 26 5.42 26.2 0.656E-02 1.85 1.68 5.42 3.56
. 27251E+02
4.78 0.26 5.42 27.2 0.632E-02 1.87 1.78 5.42 3.54
. 29569E+02
5.04 0.26 5.42 27.9 0.618E-02 1.88 1.88 5.42 3.54
. 31886E+02
Cunmul ative travel time = 31. 8857 sec

END COF MCOD131: LAYER BOUNDARY/ TERM NAL LAYER APPROACH

** End of NEAR-FI ELD REG ON (NFR) **

In this design case, the discharge is | ocated CLOSE TO BANK/ SHORE.
Sone boundary interaction occurs at end of near-field.

JD309400GPMcSteadyFinal6.0R.prd.docx Page 3 of 7



This may be related to a design case with a very LOWN AMBI ENT VELOCI TY.
The dilution values in one or nore of the precedi ng zones may be too high.
Carefully evaluate results in near-field and check degree of interaction

Consi der locating outfall further away from bank or shore.
In the next prediction nodule, the plunme centerline will be set
to foll ow t he bank/shore.

BEG N MOD141: BUOYANT AMBI ENT SPREADI NG

Pl unme is ATTACHED to RI GHT bank/ shor e.
Plune width is now determ ned from Rl GHT bank/ shore.

Profile definitions:

BV = top-hat thickness, neasured vertically
BH = top-hat half-w dth, neasured horizontally in Y-direction
ZU = upper plunme boundary (Z-coordinate)
ZL = | ower plunme boundary (Z-coordinate)
S = hydrodynani c average (bul k) dilution
C = average (bul k) concentration (includes reaction effects, if any)
TT = Cumul ative travel tinme
Plume Stage 2 (bank attached):
X Y z S C BV BH ZU ZL
TT
5.04 -0.93 5.42 27.9 0. 618E-02 2.29 3.07 5.42 3.12
. 31886E+02

** CMC HAS BEEN FOUND **

The pol lutant concentration in the plunme falls bel ow CMC val ue of 0.580E-02
in the current prediction interval

This is the extent of the TOXI C DI LUTI ON ZONE

11. 19 -0.93 5.42 30.5 0.563E-02 1.83 4.21 5.42 3.58
. 86245E+02

17. 33 -0.93 5.42 32.9 0.523E-02 1.60 5. 20 5.42 3.82
. 14060E+03

23. 47 -0.93 5.42 35.2 0.488E-02 1.46 6. 10 5.42 3. 96
. 19496E+03

29. 62 -0.93 5.42 37.7 0.457E-02 1.37 6. 94 5.42 4.04
. 24932E+03

35.76 -0.93 5.42 40.3 0.427E-02 1.32 7.72 5.42 4.10
. 30368E+03

41. 90 -0.93 5.42 43.3 0. 398E-02 1.29 8. 47 5.42 4.12
. 35804E+03

**WATER QUALI TY STANDARD OR CCC HAS BEEN FOUND**

The pol | utant concentration in the plunme falls bel ow water quality standard
or CCC value of 0.373E-02 in the current prediction interval.

This is the spatial extent of concentrations exceeding the water quality
standard or CCC val ue.

48. 05 -0.93 5.42 46.5 0. 370E-02 1.28 9.18 5.42 4.14
. 41240E+03

54.19 -0.93 5.42 50.1 0. 343E-02 1.28 9. 87 5.42 4.13
. 46676E+03

60. 34 -0.93 5.42 54.1 0.318E-02 1.30 10. 53 5.42 4.12
. 52112E+03

66. 48 -0.93 5.42 58.4 0. 294E-02 1.32 11. 16 5.42 4.09
. 57548E+03

72.62 -0.93 5.42 63.2 0.272E-02 1. 36 11.78 5.42 4. 06
. 62984E+03
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78. 77 -0.93 5.42 68.4 0.251E-02 1.40 12. 39 5.42 4.02
. 68420E+03

84.91 -0.93 5.42 74.1 0. 232E-02 1.44 12. 98 5.42 3. 97
. 73856E+03

91. 06 -0.93 5.42 80.2 0. 215E-02 1.50 13. 55 5.42 3.92
. 79292E+03

** REGULATORY M XI NG ZONE BOUNDARY **
In this prediction interval the plunme DOMSTREAM di stance neets or exceeds

the regul atory value = 91.44 m
This is the extent of the REGULATORY M XI NG ZONE

97. 20 -0.93 5.42 86.8 0. 198E-02 1.55 14. 12 5.42 3. 86
. 84728E+03

103. 34 -0.93 5.42 93.9 0. 183E-02 1.62 14. 67 5.42 3.80
. 90164E+03

109. 49 -0.93 5.42 101.4 0.170E-02 1.69 15. 21 5.42 3.73
. 95599E+03

115. 63 -0.93 5.42 109.5 0. 157E-02 1.76 15.74 5.42 3. 66
. 10104E+04

121.78 -0.93 5.42 118. 2 0. 146E-02 1.84 16. 27 5.42 3.58
. 10647E+04

127.92 -0.93 5.42 127.3 0. 135E-02 1.92 16. 78 5.42 3.50
.11191E+04

134. 06 -0.93 5.42 137.0 0. 126E-02 2.00 17. 29 5.42 3.41
. 11734E+04

140. 21 -0.93 5.42 147.3 0.117E-02 2.09 17.79 5.42 3.32
. 12278E+04

146. 35 -0.93 5.42 158.1 0. 109E-02 2.18 18. 29 5.42 3.23
. 12822E+04

152. 49 -0.93 5.42 169.5 0. 101E-02 2.28 18.78 5.42 3.13
. 13365E+04

158. 64 -0.93 5.42 181.5 0. 948E-03 2.38 19. 26 5.42 3.03
. 13909E+04

164. 78 -0.93 5.42 194.0 0.887E-03 2.48 19.74 5.42 2.93
. 14452E+04

170. 93 -0.93 5.42 207.2 0.830E-03 2.59 20. 21 5.42 2.82
. 14996E+04

177. 07 -0.93 5.42 220.9 0.779E-03 2.70 20. 67 5.42 2.71
. 15539E+04

183. 21 -0.93 5.42 235.3 0. 731E-03 2.81 21. 13 5.42 2.60
. 16083E+04

189. 36 -0.93 5.42 250.3 0. 687E-03 2.93 21.59 5.42 2.49
. 16627E+04
Cunul ative travel tine = 1662. 6667 sec

END OF MOD141: BUOYANT AMBI ENT SPREADI NG

Bott om coordinate for FAR FIELD is deternm ned by average depth, ZFB = -2.32m

BEG N MOD161: PASSI VE AMBI ENT M XI NG I N UNI FORM AMBI ENT

0. 135E-01 nt2/s
0. 169E-01 nt2/s

Vertical diffusivity (initial val ue)
Hori zontal diffusivity (initial value)

Profile definitions:
BV = Gaussian s.d.*sqrt(pi/2) (46% thickness, neasured vertically
or equal to layer depth, if fully mxed
Gaussian s.d. *sqrt(pi/2) (46% half-w dth,
neasured horizontally in Y-direction

BH
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ZU
ZL
S
C
TT

upper
| ower
hydr odynani c centerline dilution
centerline concentration (includes reaction effects,
Cunul ative trave

pl ume boundary (Z-coordinate)
pl ume boundary (Z-coordinate)

tinme

Plume Stage 2 (bank attached):

X

TT

189. 36
. 16627E+04

299.71
. 26391E+04

410. 07
. 36154E+04

520. 42
. 45918E+04

Plune interacts with BOTTOM
The passive diffusion plume beconmes VERTI CALLY
prediction interval.

630. 78
. 55682E+04
741. 13
. 65446E+04
851. 49
. 75210E+04
961. 84
. 84974E+04
1072. 20
. 94738E+04
1182. 55
. 10450E+05
1292. 91
. 11427E+05
1403. 26
. 12403E+05
1513. 61
. 13379E+05
1623. 97
. 14356E+05
1734. 32
. 15332E+05
1844. 68
. 16309E+05
1955. 03
. 17285E+05
2065. 39
. 18261E+05
2175. 74
. 19238E+05
2286. 10
. 20214E+05
2396. 45
. 21190E+05
2506. 81
. 22167E+05
2617. 16
. 23143E+05
2727.52
. 24120E+05

Y

-0.93

-0.93

-0.93

-0.93

-0.93
-0.93
-0.93
-0.93
-0.93
.93
.93
.93
.93
.93
.93
.93
.93
.93
.93
.93
.93
.93
.93

-0.93

z

5.42

5.42

5.42

5.42

5.

5.

42

42

.42

.42

.42

.42

.42

.42

.42

.42

.42

.42

.42

.42

.42

.42

.42

.42

.42

.42

S

cC

250.3 0. 687E-03

344.0 0. 500E-03

476.1 0. 361E-03

642.5 0. 268E-03

794.

824.

853.

881.

908.

935.

960.

985.

1010.

1033.

1057.

1079.

1102.

1123.

1145.

1166.

1187.

1207.

1227.

1246.
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5

5

0

0

. 216E- 03

. 209E- 03

. 202E- 03

. 195E- 03

. 189E- 03

. 184E- 03

. 179E- 03

. 175E- 03

. 170E- 03

. 166E- 03

. 163E- 03

. 159E- 03

. 156E- 03

. 153E-03

. 150E- 03

. 147E- 03

. 145E- 03

. 142E- 03

. 140E- 03

. 138E- 03

2.

3.

5.

6.

FULLY M XED wi t hin

7.

7.

BV

93

82

04

51

74

74

.74

.74

.74

.74

.74

.74

.74

.74

.74

.74

.74

.74

.74

.74

.74

.74

.74

.74

BH

21.59

22.76

23.87

24.94

25. 96
26. 94
27.88
28. 80
29. 68
30. 55
31. 38
32. 20
33. 00
33.77
34. 53
35. 27
36. 00
36.72
37.42
38. 10
38.78
39. 44
40. 09

40. 73

i f any)

ZU
5.42 2.
5.42 1
5.42 0.
5.42 -1
this

5.42 -2
5.42 -2
5.42 -2
5.42 -2
5.42 -2
5.42 -2
5.42 -2
5.42 -2
5.42 -2
5.42 -2
5.42 -2
5.42 -2
5.42 -2
5.42 -2
5.42 -2
5.42 -2
5.42 -2
5.42 -2
5.42 -2
5.42 -2
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ZL

49

. 60

37

.10

.32

.32

.32

.32

.32

.32

.32

.32

.32

.32

.32

.32

.32

.32

.32

.32

.32

.32

.32

.32



2837. 87 -0.93 5.42 1266.2 0.136E-03 7.74 41. 37 5.42 -2.32
. 25096 E+05

2948. 23 -0.93 5.42 1285.3 0. 134E-03 7.74 41. 99 5.42 -2.32
. 26072E+05

3058. 58 -0.93 5.42 1304.0 0.132E-03 7.74 42. 60 5.42 -2.32
. 27049E+05

3168. 94 -0.93 5.42 1322.5 0. 130E-03 7.74 43. 21 5.42 -2.32
. 28025E+05

3279. 29 -0.93 5.42 1340.8 0.128E-03 7.74 43. 80 5.42 -2.32
. 29002E+05

3389. 65 -0.93 5.42 1358.8 0.127E-03 7.74 44. 39 5.42 -2.32
. 29978E+05

3500. 00 -0.93 5.42 1376.6 0.125E-03 7.74 44. 97 5.42 -2.32
. 30954E+05
Cunmul ative travel time = 30954. 3477 sec
Simulation Iimt based on maxi mum speci fi ed di stance = 3500.00 m

This is the REG ON OF | NTEREST limtation.

END OF MOD161: PASSI VE AMBI ENT M XI NG | N UNI FORM AMBI ENT

CORM X1: Single Port D scharges End of Prediction File
111121111222111122211122111122211112221112221111222111222211122212111221111221211122111111
1111211111111111
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CORM X SESSI ON REPORT:
OO0 000 00000.090.000.0.000.0000.000.0000000.000009.0.000.000.000.0.000.000.0.000.000.0000.000.000.64
CORM X M XI NG ZONE EXPERT SYSTEM
CORM X Version 6.0GT
HYDROL: Versi on-6.0. 0.0 Cctober, 2009

SI TE NAME/ LABEL:
DESI GN CASE:
FI LE NAME:

SI M

P:\M xing\Critical Di schargeScenari os\ V. 6. 0\ 400GPMFi nal R ver\ JD309400GPMcSt eadyF

i nal 6. OR prd
Usi ng subsyst em CORM X1:
Start of session:

SUWMMARY OF | NPUT DATA:

AMBI ENT PARAMETERS:

JD309400GPMe St eadyFi nal 6. 0

Singl e Port Discharges
03/ 26/ 2010- - 14: 30: 40

R R Ik I R Ik Ok kR I Ik R R R Rk I b bk Sk R Rk Ik R bk kR SRRk kR ek S Rk

Cross-section = bounded
Wdt h BS = 158.50 m
Channel regularity | CHREG = 1
Ambi ent flowrate QA = 138.55 m'3/s
Aver age depth HA =7.74 m
Dept h at di scharge HD =542 m
Ambi ent velocity UA = 0.113 m's
Dar cy- Wi sbach friction factor F = 0.0248
Cal cul ated from Manning's n = 0.025
Wnd vel ocity uw =9.30 m's
Stratification Type STRCND = U
Surface density RHOAS = 1001. 0000 kg/ m3
Bott om density RHOAB = 1001. 0000 kg/ m'3
DI SCHARGE PARAMETERS: Single Port Discharge
Near est bank = right
Di stance to bank DISTB = 0.93 m
Port di ameter DO = 0.1373 m
Port cross-sectional area A0 = 0.0148 nt2
D scharge velocity uo =1.93 ms
Di scharge flow ate Q = 0. 028558 nt'3/s
Di scharge port hei ght HO =542 m
Vertical discharge angle THETA = -87.09 deg
Hori zont al di scharge angl e SIGVA = 90 deg
Di scharge tenperature (freshwater) = 10 degC
Correspondi ng density RHOO = 999.7019 kg/ m3
Density difference DRHO = 1.2981 kg/ m3
Buoyant accel eration GP0 = 0.0127 m s”2
Di scharge concentration Co = 0.172 ny/ |
Surface heat exchange coeff. KS =0ns
Coef ficient of decay KD =0/s
DI SCHARGE/ ENVI RONMENT LENGTH SCALES:
LQ =0.12 m Lm = 2.08 m Lb = 0.25 m
LM = 5.96 m Lm = 99999 m Lb' = 99999 m
NON- DI MENSI ONAL PARAMETERS:
Port densinetric Froude number FRO = 46. 13
Vel ocity ratio R = 17.06
M XI NG ZONE / TOXI C DI LUTI ON ZONE / AREA OF | NTEREST PARAMETERS:
Toxi ¢ di scharge = yes
CMC concentration cMC = 0.0058 ny/ |
CCC concentration CcC = 0.00373 ny/l
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Water quality standard specified gi ven by CCC val ue

Regul atory m xi ng zone = yes

Regul atory m xi ng zone specification = di stance

Regul atory m xi ng zone val ue =91.44 m(m2 if area)
Regi on of interest = 3500 m

R R I S S S S O S S S R S S O

HYDRODYNAM C CLASSI FI CATI ON:
*

| FLOWCLASS = IPV3 |

This flow configuration applies to a |layer corresponding to the full water
depth at the discharge site.

Applicable layer depth = water depth = 5.42 m

R R IR I S R I R IRk Ok kR R R Rk kS R R Rk R Rk kA kR R R R Sk kR AR R R I e O S

M XI NG ZONE EVALUATI ON (hydrodynam ¢ and regul atory sunmary):

X-Y-Z Coordi nate system

Oiginis located at the bottom bel ow the port center:
0.93 mfromthe right bank/shore.
Nunber of display steps NSTEP = 30 per nodul e.

NEAR- FI ELD REG ON (NFR) CONDI Tl ONS :

Note: The NFR is the zone of strong initial mxing. It has no regulatory
inmplication. However, this information may be useful for the discharge
desi gner because the mxing in the NFRis usually sensitive to the
di scharge design conditions.

Pol I utant concentration at NFR edge c¢ = 0.0062 ny/l
Dilution at edge of NFR s = 27.9
NFR Locati on: X =504 m
(centerline coordinates) y = 0.26 m
z =542 m
NFR pl une di mensions: half-width (bh) = 1.88 m
t hi ckness (bv) = 1.88 m

Cunul ative travel tine: 31. 8857 sec.
Buoyancy assessment:
The effluent density is |ess than the surroundi ng anmbi ent water
density at the discharge |evel.
Therefore, the effluent is POSI TI VELY BUOYANT and will tend to rise towards
the surface.
FAR- FI ELD M XI NG SUMVARY:
Pl une becones vertically fully m xed at 630.78 m downstream
PLUME BANK CONTACT SUMVARY:
Pl une in bounded section contacts one bank only at 5.04 m downstream
R I Rk I I b b S S b b I b b S TOXI C DI LLJTI O\l ZO\IE SU,V'VARY R I I b b I b b b S I b b S b S S R
Recal | : The TDZ corresponds to the three (3) criteria issued in the USEPA
Techni cal Support Docunent (TSD) for Water Quality-based Toxics Control,
1991 ( EPA/ 505/ 2-90-001).

Criterion maxi mum concentration (CMC) = 0.0058 ng/l
Correspondi ng dil ution = 29. 655172
The CMC was encountered at the foll owing plunme position:

Pl une | ocati on: X =9.03 m

(centerline coordinates) y =-0.93 m

z =542 m

Pl ume di nensi on: hal f-width (bh) = 3.83 m
thickness (bv) = 1.96 m

JD309400GPMcSteadyFinal6.0R.ses.docx Page 2 of 3



Conput ed di stance from port opening to CMC | ocation = 9.08 m

CRITERION 1: This location is beyond 50 tinmes the discharge | ength scale of
Lg = 0.12 m

+++++ The discharge | ength scale TEST for the TDZ has FAI LED. ++++++

Conput ed horizontal distance fromport opening to CMC | ocation = 9.08 m
CRITERION 2: This location is within 5 tines the anbient water depth of

HD = 5.42 m
++++++++++ The anbi ent depth TEST for the TDZ has been SATI SFI ED. ++++++++++

Conput ed di stance from port opening to CMC | ocation = 9.08 m
CRITERION 3: This location is within one tenth the distance of the extent
of the Regulatory M xing Zone of 91.44 min any
spatial direction fromthe port opening.
+++++ The Regul atory M xi ng Zone TEST for the TDZ has been SATI SFI ED. ++++++

The diffuser discharge velocity is equal to 1.93 nis.
This is below the value of 3.0 nis recommended in the TSD.

*** This discharge DOES NOT SATISFY all three CMC criteria for the TDZ ****
**** This MAY be caused by the | ow discharge velocity for this design. ****x*
kkkhkkhkkkkhkkhkkkkhkhkkhkkhkhkkhkkhkhk*k REGJLATmY M XI NG ZO\]E SUMVARY kkkkhkkkhkhkhkkkhkhkikkkhkhkkikkkhkhkkhkxk*k
The plunme conditions at the boundary of the specified RMZ are as foll ows:

Pol | ut ant concentrati on ¢ = 0.002135 ng/l
Correspondi ng dilution s = 80.6
Pl unme | ocati on: X =91.44 m
(centerline coordinates) y =-0.93 m
z =542 m
Pl ume di nmensi ons: hal f-width (bh) = 13.59 m
t hi ckness (bv) = 1.50 m
Cunul ative travel tine: 796. 3146 sec.

At this position, the plume is CONTACTI NG the RI GHT bank.

Furthernmore, the CCC for the toxic pollutant has indeed been net
within the RMZ. In particular:

The CCC was encountered at the followi ng plunme position:

The CCC for the toxic pollutant was encountered at the follow ng
pl une position:

CCcC = 0.00373 ny/l
Correspondi ng dilution = 46.1
Pl une | ocati on: X = 47.34 m
(centerline coordi nates) y =-0.93 m
Z =542 m
Pl ume di nmensi ons: hal f-width (bh) = 9.10 m
t hi ckness (bv) = 1.28 m

ERE IR Rk I b b b b S b b I FI I\IAL DESI G\l ADVI CE AND COV'VENTS R I S b S b b S b b S b b S

REM NDER: The user nust take note that HYDRCDYNAM C MODELI NG by any known
techni que is NOT AN EXACT SCl ENCE.

Ext ensi ve conparison with field and | aboratory data has shown that the
CORM X predictions on dilutions and concentrations (w th associ ated
pl ume geonetries) are reliable for the majority of cases and are accurate
to within about +-50% (standard deviation).

As a further safeguard, CORM X will not give predictions whenever it judges
the design configuration as highly conplex and uncertain for prediction.
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CORM X1 PREDI CTI ON FI LE:
1112211112222111222111222112222111222111222111222111222111122111222111221111221111121
11111111112111111
CORM X M XI NG ZONE EXPERT SYSTEM
Subsystem CORM X1: Single Port Discharges
CORM X Version 6.0GT
HYDROL Version 6.0.0.0 Cctober 2009

CASE DESCRI PTI ON
Site nane/| abel :

Desi gn case: JD309400GPMISt eadyFi nal 6. 0
FI LE NAME: P:\...\400GPMFi nal Ri ver\ JD309400GPMiSt eadyFi nal 6. OR. prd
Ti me stanp: Fri Mar 26 14:35:09 2010

ENVI RONVENT PARAMETERS (netric units)
Bounded secti on

BS = 158.50 AS = 1210.25 QA = 215.42 |ICHREG= 1
HA = 7.64 HD = 5.35

UA = 0.178 F = 0. 025 USTAR =0. 9934E- 02

uw = 9. 300 UWSTAR=0. 1193E-01

Uni form density environnent
STRCND= U RHOAM = 1001. 0000

DI SCHARGE PARAMETERS (nmetric units)
Above Surface Di scharge:
Re- conput ed di scharge conditions at entry point at water surface.

BANK = RIGHT DI STB = 0. 96
DO = 0.170 A0 = 0.023 HO = 5.35 SUBO = 0. 00
THETA = 0.00 SIGWA = 90. 00
uwo = 2.388 Q = 0. 054 =0. 5394E- 01
RHOO = 999.7019 DRHO =0.1298E+01 GPO  =0.1272E-01
0 =0. 1390E+00 CUNITS= ny/l
IPOLL = 1 KS =0. 0000E+00 KD =0. 0000E+00
FLUX VARI ABLES (netric units)
Q =0. 5394E-01 M =0. 1288E+00 JO =0. 6859E- 03 SI GNJO= 1.0
Associ ated I ength scales (nmeters)
LQ = 0.15 LM = 8.21 Lm = 2.02 Lb = 0.12
Lmp = 99999.00 Lbp = 199999.00
NON- DI MENSI ONAL PARAMVETERS
FRO = 51.42 R = 13. 41
FLOW CLASSI FI CATI ON
111112111211171112111217111211217111711121111111111
1 Flowclass (CORM X1) = IPV3 1
1 Applicable layer depth HS = 5.35 1
1111121112211211221122112212211211271112111211
M XING ZONE / TOXI C DI LUTION / REG ON OF | NTEREST PARAMETERS
Cco =0. 1390E+00 CUNITS= ny/|
NTOX = 1 CMC  =0.5800E-02 CCC = CSTD
NSTD = 1 CSTD =0. 3730E-02
REGW = 1
REGSPC= 1 XREG = 91.44 WREG = 0.00 AREG = 0. 00
XINT = 35000.00 XwMAX = 35000.00
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X-Y-Z COCRDI NATE SYSTEM
CRIAN is located at the bottom and bel ow the center of the port:
0.96 m fromthe RI GAT bank/shore.
X-axis points downstream Y-axis points to left, Z-axis points upward.
NSTEP = 30 display intervals per nodul e

BEG N MOD101: DI SCHARGE MCDULE

X Y Z S C B Uc T
0. 00 0. 00 5.35 1.0 0.139E+00 0.08 2.388 . 00000E+00

END OF MCD101: DI SCHARGE MODULE

BEG N CORJET (MOD110): JET/ PLUVE NEAR-FI ELD M XI NG REG ON

Zone of flow establishnment: THETAE= -85.22 Sl GVAE= 68. 25
LE = 0.64 XE = 0.01 VYE = 0.05 ZE = 4.70

Profile definitions:

B = Gaussian 1/e (37% half-width, normal to trajectory

S = hydrodynam c centerline dilution

C = centerline concentration (includes reaction effects, if any)

Uc = Local centerline excess velocity (above anbient)

TT = Currul ative travel tinme

X Y z S C B Uc TT
0. 00 0.00 5.35 1.0 0.139E+00 0.08 2. 388 . 00000E+00
0.01 0. 05 4.70 1.0 0.139E+00 0.09 2.388 . 82641E-02
0. 02 0. 06 4.54 1.0 0.133E+00 0.11 2. 388 . 63881E- 01
0. 03 0.08 4. 35 1.3 0.110E+00 0.13 2.211 . 14209E+00
0. 05 0.09 4.19 1.5 0.957E-01 0.15 1. 909 . 22093E+00
0. 08 0.10 4.01 1.7 0.824E-01 0. 17 1. 633 . 32724E+00
0.11 0.12 3.83 1.9 0.719E-01 0.19 1.412 . 44979E+00
0.16 0.13 3.64 2.2 0.632E-01 0.22 1. 230 . 58954E+00
0. 20 0.15 3.49 2.4 0.569E-01 0.24 1. 097 . 72392E+00
0. 26 0.16 3.31 2.7 0.506E-01 0.27 0. 962 . 89887E+00
0. 34 0.17 3.14 3.1 0.452E-01 0.30 0. 845 . 10948E+01
0. 40 0.18 2.99 3.4 0.411E-01 0.32 0. 756 . 12806E+01
0. 49 0.20 2.82 3.8 0.369E-01 0.35 0. 665 . 15197E+01
0. 57 0.21 2. 69 4.1 0.337E-01 0.38 0. 595 . 17449E+01
0. 68 0.22 2.53 4.6 0.304E-01 0.41 0.524 . 20324E+01
0.79 0.23 2.38 5.1 0.275E-01 0.45 0. 461 . 23478E+01
0.90 0.24 2.26 5.5 0.253E-01 0.48 0. 415 . 26410E+01
1.03 0.25 2.12 6.0 0.231E-01 0.51 0. 367 . 30100E+01
1.17 0. 26 1.99 6.6 0.212E-01 0.54 0. 326 . 34080E+01
1.29 0. 27 1.89 7.0 0.197E-01 0.57 0. 295 . 37721E+01
1.43 0.28 1.77 7.6 0.182E-01 0.60 0. 265 . 42227E+01
1.59 0.29 1.66 8.2 0.169E-01  0.63 0.238 . 47002E+01
1.72 0. 30 1.57 8.7 0.160E-01 0.66 0. 219 . 51300E+01
1.88 0.31 1. 47 9.3 0.150E-01 0.69 0. 199 . 56540E+01
2.04 0.31 1.38 9.9 0.141E-01 0.71 0. 182 . 62009E+01
2.21 0.32 1.29 10.4 0.133E-01 0.74 0. 168 . 67692E+01
2.36 0.33 1.22 10.9 0.127E-01 0.76 0. 157 . 72723E+01
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2.53 0. 33 1.14 11.5 0.121E-01 0.79 0. 146 . 78765E+01

2.70 0. 34 1. 06 12.0 0. 116E-01 0.81 0. 136 . 84981E+01

2.85 0. 35 1.00 12.5 0.111E-01 0. 83 0.128 . 90437E+01

3.02 0. 35 0. 93 13.0 0.107E-01 0. 85 0.120 . 96943E+01

3.20 0. 36 0. 87 13.5 0. 103E-01 0. 87 0.114 . 10263E+02
Cunul ative travel time = 10. 2633 sec

END OF CORJET (MOD110): JET/ PLUME NEAR-FI ELD M XI NG REG ON

BEG N MOD131: LAYER BOUNDARY/ TERM NAL LAYER APPRQACH
Control vol une infl ow
X Y Y4 S C B TT
3.20 0. 36 0. 87 13.5 0. 103E-01 0. 87 .10263E+02

Profile definitions:

BV = top-hat thickness, neasured vertically
BH = top-hat half-w dth, neasured horizontally in Y-direction
ZU = upper plunme boundary (Z-coordinate)
ZL = |l ower plunme boundary (Z-coordinate)
S = hydrodynam c average (bul k) dilution
C = average (bul k) concentration (includes reaction effects, if any)
TT = Cumul ative travel tinme
X Y z S C BV BH ZU ZL
TT
2.33 0.34 5.35 13.5 0. 103E-01 0. 00 0.00 5.35 5.35
. 10263E+02
2.59 0.35 5.35 13.5 0. 103E-01 1.17 0.59 5.35 4.17
. 10263E+02
2.85 0.35 5.35 13.5 0. 103E-01 1.39 0. 83 5.35 3.96
. 10263E+02
3.11 0.36 5.35 13.5 0. 103E-01 1.53 1.02 5.35 3.82
. 10263E+02
3.37 0.36 5.35 13.9 0. 100E-01 1.63 1.18 5.35 3.71
. 11239E+02
3.63 0. 36 5.35 15.6 0. 892E-02 1.71 1.32 5.35 3. 64
. 12699E+02
3. 89 0.37 5.35 17.9 0.774E-02 1.77 1. 44 5.35 3.58
. 14159E+02
4. 15 0.37 5.35 20.1 0.691E-02 1.81 1.56 5.35 3.53
. 15620E+02
4. 41 0.38 5.35 21.6 0.644E-02 1.84 1.67 5.35 3.50
. 17080E+02
4. 67 0. 38 5.35 22.4 0.621E-02 1.86 1.77 5.35 3.49
. 18540E+02
4.93 0.39 5.35 22.9 0. 606E-02 1.86 1.86 5.35 3.48
. 20001E+02
Cunmul ative travel time = 20. 0007 sec

END COF MCOD131: LAYER BOUNDARY/ TERM NAL LAYER APPROACH

** End of NEAR-FI ELD REG ON (NFR) **

In this design case, the discharge is | ocated CLOSE TO BANK/ SHORE.
Sone boundary interaction occurs at end of near-field.
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This may be related to a design case with a very LOWN AMBI ENT VELOCI TY.
The dilution values in one or nore of the precedi ng zones may be too high.
Carefully evaluate results in near-field and check degree of interaction

Consi der locating outfall further away from bank or shore.
In the next prediction nodule, the plunme centerline will be set
to foll ow t he bank/shore.

BEG N MOD141: BUOYANT AMBI ENT SPREADI NG

Pl unme is ATTACHED to RI GHT bank/ shor e.
Plune width is now determ ned from Rl GHT bank/ shore.

Profile definitions:

BV = top-hat thickness, neasured vertically
BH = top-hat half-w dth, neasured horizontally in Y-direction
ZU = upper plunme boundary (Z-coordinate)
ZL = | ower plunme boundary (Z-coordinate)
S = hydrodynani c average (bul k) dilution
C = average (bul k) concentration (includes reaction effects, if any)
TT = Cumul ative travel tinme
Plume Stage 2 (bank attached):
X Y z S C BV BH ZU ZL
TT
4.93 -0.96 5.35 22.9 0. 606E-02 2.17 3.21 5.35 3.18
. 20001E+02

** CMC HAS BEEN FOUND **

The pol lutant concentration in the plunme falls bel ow CMC val ue of 0.580E-02
in the current prediction interval

This is the extent of the TOXI C DI LUTI ON ZONE

13. 38 -0.96 5.35 25.0 0. 556E-02 1.77 4.28 5.35 3. 57
. 67472E+02

21. 83 -0.96 5.35 26.9 0.517E-02 1.56 5.22 5.35 3.79
. 11494E+03

30. 29 -0.96 5.35 28.7 0.484E-02 1.43 6. 08 5.35 3.91
. 16241E+03

38.74 -0.96 5.35 30.7 0.453E-02 1.35 6. 89 5.35 3.99
. 20989E+03

47.19 -0.96 5.35 32.9 0.423E-02 1.30 7.64 5.35 4.04
. 25736E+03

55. 64 -0.96 5.35 35.2 0.395E-02 1.28 8. 36 5.35 4.07
. 30483E+03

**WATER QUALI TY STANDARD OR CCC HAS BEEN FOUND**

The pol | utant concentration in the plunme falls bel ow water quality standard
or CCC value of 0.373E-02 in the current prediction interval.

This is the spatial extent of concentrations exceeding the water quality
standard or CCC val ue.

64. 09 -0.96 5.35 37.8 0.367E-02 1.27 9. 04 5.35 4.08
. 35230E+03

72.55 -0.96 5.35 40.7 0. 341E-02 1.27 9.70 5.35 4.07
. 39977E+03

81. 00 -0.96 5.35 43.9 0. 316E-02 1.29 10. 34 5.35 4.06
. 44724E+03

89. 45 -0.96 5.35 47.4 0. 293E-02 1.31 10. 95 5.35 4.03
. 49471E+03

** REGULATORY M XI NG ZONE BOUNDARY **
In this prediction interval the plunme DOMNSTREAM di stance neets or exceeds
the regul atory value = 91.44 m
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This is the extent of the REGIATORY M XI NG ZONE

97. 90 -0. 96 5.35 51.3 0.271E-02 1.34 11.55 5.35 4. 00
. 54219E+03
106. 36 -0.96 5.35 55.5 0. 251E-02 1.38 12. 14 5.35 3.96
. 58966 E+03
114. 81 -0.96 5.35 60.0 0.232E-02 1.43 12. 71 5.35 3.91
. 63713E+03
123. 26 -0.96 5.35 64.9 0.214E-02 1.48 13. 26 5.35 3.86
. 68460E+03
131.71 -0.96 5.35 70.2 0. 198E-02 1.54 13.81 5.35 3.81
. 73207E+03
140. 16 -0.96 5.35 75.8 0. 183E-02 1. 60 14. 34 5.35 3.74
. 77954E+03
148. 62 -0.96 5.35 81.9 0. 170E-02 1. 67 14. 87 5.35 3.68
. 82701E+03
157. 07 -0.96 5.35 88.3 0. 157E-02 1.74 15. 38 5.35 3.60
. 87449E+03
165. 52 -0.96 5.35 95.2 0. 146E-02 1.82 15. 89 5.35 3.53
. 92196E+03
173. 97 -0.96 5.35 102.5 0. 136E-02 1.90 16. 39 5.35 3.45
. 96943E+03
182. 42 -0.96 5.35 110.2 0. 126E-02 1.98 16. 88 5.35 3.37
. 10169E+04
190. 88 -0.96 5.35 118.4 0. 117E-02 2.07 17. 37 5.35 3.28
. 10644E+04
199. 33 -0.96 5.35 127.0 0. 109E-02 2.16 17.85 5.35 3.19
.11118E+04
207.78 -0.96 5.35 136.1 0. 102E-02 2.25 18. 32 5.35 3.09
. 11593E+04
216. 23 -0.96 5.35 145. 6 0. 955E-03 2.35 18. 79 5.35 3.00
. 12068E+04
224. 68 -0.96 5.35 155. 6 0. 893E-03 2.45 19. 25 5.35 2.90
. 12543E+04
233. 14 -0.96 5.35 166.0 0. 837E-03 2.55 19. 70 5.35 2.79
. 13017E+04
241.59 -0.96 5.35 177.0 0. 785E-03 2.66 20. 16 5.35 2.68
. 13492E+04
250. 04 -0.96 5.35 188.4 0. 738E-03 2.77 20. 60 5.35 2.57
. 13967E+04
258. 49 -0.96 5.35 200. 3 0. 694E-03 2.88 21.04 5.35 2. 46
. 14441E+04
Cumul ative travel tine = 1444. 1418 sec

END OF MOD141: BUOYANT AMBI ENT SPREADI NG

BEG N MOD161: PASSI VE AMBI ENT M XI NG I N UNI FORM AMBI ENT

0. 149E- 01 nt2/s
0. 186E- 01 nt2/s

Vertical diffusivity (initial value)
Hori zontal diffusivity (initial value)

Profile definitions:

BV = Gaussian s.d.*sqrt(pi/2) (46% thickness, neasured vertically
= or equal to layer depth, if fully m xed
BH = Gaussian s.d.*sqrt(pi/2) (46% half-w dth,
measured horizontally in Y-direction
ZU = upper plune boundary (Z-coordinate)
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[ T |

| owner
hydr odynani c centerline dilution
centerline concentration (includes reaction effects,
Cunul ative travel

pl ume boundary (Z-coordinate)

tinme

Plume Stage 2 (bank attached):

X
TT
258. 49
. 14441E+04

Plune interacts with BOTTOM

The passive diffusion plume beconmes VERTI CALLY FULLY M XED wi t hin
prediction interval.

- 0.

1416. 54

. 79484E+04
2574. 59

. 14453E+05
3732. 64

. 20957E+05
4890. 69

. 27461E+05
6048. 74

. 33966E+05
7206. 79

. 40470E+05
8364. 84

. 46974E+05
9522. 89

. 53478E+05
10680. 95

. 59983E+05
11839. 00

. 66487E+05
12997. 05

. 72991E+05
14155. 10

. 79495E+05
15313. 15

. 86000E+05
16471. 20

. 92504E+05
17629. 25

. 99008E+05
18787. 30

. 10551E+06
19945. 35

. 11202E+06
21103. 40

. 11852E+06
22261. 45

. 12503E+06
23419. 50

. 13153E+06
24577. 55

. 13803E+06
25735. 61

. 14454E+06
26893. 66

. 15104E+06

- 0.

-0.

- 0.

Y

96

96

96

96

. 96

. 96

. 96

. 96

. 96

. 96

. 96

. 96

. 96

. 96

. 96

. 96

. 96

. 96

. 96

. 96

. 96

. 96

. 96

. 96

5.

5.

5.

35

35

35

.35

.35

.35

.35

.35

.35

.35

.35

.35

.35

.35

.35

.35

.35

.35

.35

.35

.35

.35

.35

.35

S

C

200. 3 0. 694E-03

722.

873.

1002.

1115.

1218.

1314.

1402.

1486.

1565.

1640.

1712.

1781.

1847.

1911.

1973.

2033.

2092.

2148.

2204.

2258.

2310.

2362.

2412.

JD309400GPMdSteadyFinal6.0R.prd.docx

6

5

0

0

. 192E- 03

. 159E- 03

. 139E- 03

. 125E- 03

. 114E- 03

. 106E- 03

. 991E- 04

. 935E- 04

. 888E- 04

. 847E- 04

. 812E- 04

. 780E- 04

. 752E- 04

. 7T27E-04

. 7T04E- 04

. 683E-04

. 664E-04

. 647E- 04

. 631E- 04

. 616E- 04

. 601E- 04

. 588E-04

. 576E-04

2.

7.

7.

BV

88

64

64

. 64

. 64

. 64

. 64

. 64

. 64

. 64

. 64

. 64

. 64

. 64

. 64

. 64

. 64

. 64

. 64

. 64

. 64

. 64

. 64

. 64

21.

28.

34.

39.

44,

48.

52.

55.

58.

62.

65.

67.

70.

73.

75.

78.

80.

83.

85.

87.

89.

91.

93.

95.

BH

04

67

66

76

28

37

14

66

97

11

09

94

68

31

85

31

70

02

27

47

61

70

75

75

if any)

ZU
5.35 2.
this
5.35 -2
5.35 - 2.
5.35 - 2.
5.35 - 2.
5.35 - 2.
5.35 - 2.
5.35 - 2.
5.35 - 2.
5.35 - 2.
5.35 - 2.
5.35 - 2.
5.35 - 2.
5.35 - 2.
5.35 - 2.
5.35 - 2.
5.35 - 2.
5.35 - 2.
5.35 - 2.
5.35 - 2.
5.35 - 2.
5.35 - 2.
5.35 -2
5.35 -2

Page 6 of 7

ZL

46

.29

29

29

29

29

29

29

29

29

29

29

29

29

29

29

29

29

29

29

29

29

.29

.29



28051. 71 -0. 96 5.35 2462.3 0.565E-04 7. 64 97.71 5.35 -2.29
. 15755E+06

29209. 76 -0.96 5.35 2510.8 0.554E-04 7.64 99. 63 5.35  -2.29
. 16405E+06

30367. 81 -0.96 5.35 2558.3 0.543E-04 7.64 101. 52 5.35  -2.29
. 17056E+06

31525. 86 -0.96 5.35 2605.0 0.534E-04 7.64 103. 37 5.35 -2.29
. 17706E+06

32683. 91 -0.96 5.35 2650.8 0.524E-04 7.64 105. 19 5.35 -2.29
. 18356E+06

33841. 96 -0.96 5.35 2695.9 0.516E-04 7.64 106. 98 5.3 -2.29
. 19007E+06

35000. 01 -0.96 5.35 2740.2 0.507E-04 7.64 108. 74 5.3 -2.29
. 19657E+06

Cunul ative travel time = 196572. 2969 sec

Simulation imt based on maxi mum speci fied di stance = 35000.00 m

This is the REG ON OF | NTEREST lintation.

END OF MOD161: PASSI VE AMBI ENT M XI NG | N UNI FORM AMBI ENT

CORM X1: Single Port D scharges End of Prediction File
1111111122221111222111222111222211122211112221112122121112221111222111222111222111122111111
11111111112111111
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CORM X SESSI ON REPORT:
OO0 000 00000.090.000.0.000.0000.000.0000000.000009.0.000.000.000.0.000.000.0.000.000.0000.000.000.64
CORM X M XI NG ZONE EXPERT SYSTEM
CORM X Version 6.0GT
HYDROL: Versi on-6.0. 0.0 Cctober, 2009

SI TE NAME/ LABEL:
DESI GN CASE:
FI LE NAME:

P:\M xing\Critical Di schargeScenari os\ V. 6. 0\ 400GPMFi nal R ver\ JD309400GPMISt eadyF

i nal 6. OR prd
Usi ng subsyst em CORM X1:
Start of session:

SUWMMARY OF | NPUT DATA:

AMBI ENT PARAMETERS:

JD309400GPMISt eadyFi nal 6. 0

Singl e Port Discharges
03/ 26/ 2010- - 14: 35: 09

R R Ik I R Ik Ok kR I Ik R R R Rk I b bk Sk R Rk Ik R bk kR SRRk kR ek S Rk

Cross-section = bounded
W dt h BS = 158.50 m
Channel regularity | CHREG = 1
Ambi ent flowate QA = 215.42 m\3/s
Aver age depth HA =7.64 m
Dept h at di scharge HD =5.35m
Ambi ent velocity UA = 0.178 m's
Dar cy- Wi sbach friction factor F = 0.0249
Cal cul ated from Manning's n = 0.025
Wnd vel ocity uw =9.30 ms
Stratification Type STRCND = U
Surface density RHOAS = 1001. 0000 kg/ m3
Bott om density RHOAB = 1001. 0000 kg/ m'3
Dl SCHARGE PARAMETERS: Single Port Discharge
Near est bank = right
Di stance to bank DISTB = 0.96 m
Port di ameter DO = 0.1696 m
Port cross-sectional area A0 = 0.0226 nt2
D scharge velocity uo =2.39 mMs
Di scharge flowate Q = 0.053935 nt'3/s
Di scharge port hei ght HO =5.35m
Vertical discharge angle THETA = -85.56 deg
Hori zontal di scharge angl e SIGVA = 90 deg
Di scharge tenperature (freshwater) = 10 degC
Correspondi ng density RHOO = 999.7019 kg/ m3
Density difference DRHO = 1.2981 kg/ m3
Buoyant accel eration GPO = 0.0127 m s”2
Di scharge concentration Cco = 0.139 ny/l
Surface heat exchange coeff. KS =0ns
Coef ficient of decay KD =0/s
DI SCHARGE/ ENVI RONMENT LENGTH SCALES:
LQ =0.15 m Lm = 2.02 m Lb =0.12 m
LM =8.21 m Lm = 99999 m Lb' = 99999 m
NON- DI MENSI ONAL PARAMETERS:
Port densinetric Froude number FRO = 51.42
Vel ocity ratio R = 13.41
M XI NG ZONE / TOXI C DI LUTI ON ZONE / AREA OF | NTEREST PARAMETERS:
Toxi ¢ di scharge = yes
CMC concentration cMC = 0.0058 ny/ |
CCC concentration CcC = 0.00373 ny/l

JD309400GPMdSteadyFinal6.0R.ses.docx Page 1 of 3



Water quality standard specified gi ven by CCC val ue

Regul atory m xi ng zone = yes

Regul atory m xi ng zone specification = di stance

Regul atory m xi ng zone val ue =91.44 m(m2 if area)
Regi on of interest = 35000 m

R R I S S S S O S S S R S S O

HYDRODYNAM C CLASSI FI CATI ON:
*

| FLOWCLASS = IPV3 |

This flow configuration applies to a |layer corresponding to the full water
depth at the discharge site.

Applicable layer depth = water depth = 5.35 m

R R I Sk R S R IRk Ok kR I IRk kI b kR R R Rk Sk b kO R Rk kb Ok O R Rk S b O R

M XI NG ZONE EVALUATI ON (hydrodynam ¢ and regul atory sunmary):

X-Y-Z Coordi nate system

Oiginis located at the bottom bel ow the port center:
0.96 mfromthe right bank/shore.
Nunber of display steps NSTEP = 30 per nodul e.

NEAR- FI ELD REG ON (NFR) CONDI Tl ONS :

Note: The NFR is the zone of strong initial mxing. It has no regulatory
inmplication. However, this information may be useful for the discharge
desi gner because the mxing in the NFRis usually sensitive to the
di scharge desi gn conditions.

Pol I utant concentration at NFR edge ¢ = 0.0061 ny/l
Dilution at edge of NFR s = 22.9
NFR Locati on: X =4.93 m
(centerline coordinates) y =0.39 m
z =535 m
NFR pl une di mensions: half-width (bh) = 1.86 m
t hi ckness (bv) = 1.86 m

Cunul ative travel tine: 20. 0007 sec.
Buoyancy assessment:
The effluent density is |ess than the surroundi ng anmbi ent water
density at the discharge |evel.
Therefore, the effluent is POSI TI VELY BUOYANT and will tend to rise towards
the surface.
FAR- FI ELD M XI NG SUMVARY:
Pl ume becones vertically fully mxed at 1416. 54 m downstream
PLUME BANK CONTACT SUMVARY:
Pl une in bounded section contacts one bank only at 4.93 m downstream
IR I 2Rk I I b b S S b b I b b I TOXI C DI LLJTI O\l ZO\IE SU,V'VARY R I I b b I b b S b b S b S S R
Recal | : The TDZ corresponds to the three (3) criteria issued in the USEPA
Techni cal Support Docunent (TSD) for Water Quality-based Toxics Control,
1991 ( EPA/ 505/ 2-90-001).

Criterion maxi mum concentration (CMC) = 0.0058 ng/l
Corresponding dilution = 23. 965517
The CMC was encountered at the foll owing plunme position:

Pl une | ocati on: X = 8.99 m

(centerline coordinates) y =-0.96 m

z =535 m

Pl umre di mensi on: hal f-width (bh) = 3.74 m
thickness (bv) = 1.94 m
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Conput ed di stance from port opening to CMC | ocation = 9.04 m

CRITERION 1: This location is beyond 50 tinmes the discharge | ength scale of
Lg = 0.15 m

+++++ The discharge | ength scale TEST for the TDZ has FAI LED. ++++++

Conmput ed horizontal distance fromport opening to CMC |l ocation = 9.04 m
CRITERION 2: This location is within 5 tines the anbient water depth of

HD = 5.35 m
++++++++++ The anbi ent depth TEST for the TDZ has been SATI SFI ED. ++++++++++

Conput ed di stance from port opening to CMC | ocation = 9.04 m
CRITERION 3: This location is within one tenth the distance of the extent
of the Regulatory M xing Zone of 91.45 min any
spatial direction fromthe port opening.
+++++ The Regul atory M xi ng Zone TEST for the TDZ has been SATI SFI ED. ++++++

The diffuser discharge velocity is equal to 2.39 nis.
This is below the value of 3.0 nis recommended in the TSD.

*** This discharge DOES NOT SATISFY all three CMC criteria for the TDZ ****
**** This MAY be caused by the | ow discharge velocity for this design. ****x*
kkkhkkhkkkkhkkhkkkkhkhkkhkkhkhkkhkkhkhk*k REGJLATmY M XI NG ZO\]E SUMVARY kkkkhkkkhkhkhkkkhkhkikkkhkhkkikkkhkhkkhkxk*k
The plunme conditions at the boundary of the specified RMZ are as foll ows:

Pol | ut ant concentrati on c = 0.002878 ng/l
Correspondi ng dilution s = 48.3
Pl unme | ocati on: X =91.44 m
(centerline coordinates) y =-0.96 m
z =535 m
Pl ume di nmensi ons: hal f-width (bh) = 11.10 m
thi ckness (bv) = 1.32 m
Cunul ative travel tine: 505. 8855 sec.

At this position, the plume is CONTACTI NG the RI GHT bank.

Furthernmore, the CCC for the toxic pollutant has indeed been net
within the RMZ. In particular:

The CCC was encountered at the followi ng plunme position:

The CCC for the toxic pollutant was encountered at the follow ng
pl une position:

CCcC = 0.00373 ny/l
Correspondi ng dilution = 37.3
Pl une | ocati on: X = 62.30 m
(centerline coordi nates) y =-0.96 m
z =535 m
Pl ume di nmensi ons: hal f-width (bh) = 8.90 m
t hi ckness (bv) = 1.27 m

ERE IR Rk I b b b b S b b I FI I\IAL DESI G\l ADVI CE AND COV'VENTS R I S b S b b S b b S b b S

REM NDER: The user nust take note that HYDRCDYNAM C MODELI NG by any known
techni que is NOT AN EXACT SCl ENCE.

Ext ensi ve conparison with field and | aboratory data has shown that the
CORM X predictions on dilutions and concentrations (w th associ ated
pl ume geonetries) are reliable for the majority of cases and are accurate
to within about +-50% (standard deviation).

As a further safeguard, CORM X will not give predictions whenever it judges
the design configuration as highly conplex and uncertain for prediction.
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CORM X1 PREDI CTI ON FI LE:
1112211112222111222111222112222111222111222111222111222111122111222111221111221111121
11111111112111111
CORM X M XI NG ZONE EXPERT SYSTEM
Subsystem CORM X1: Single Port Discharges
CORM X Version 6.0GT
HYDROL Version 6.0.0.0 Cctober 2009

CASE DESCRI PTI ON
Site nane/| abel :

Desi gn case: JD309(4) 400GPMeSt eadyFi nal 6. 0
FI LE NAME: P:\...0GMi nal R ver\JD309(4) 400G°PMeSt eadyFi nal 6. OR. prd
Ti me stanp: Fri Mar 26 14:37:00 2010

ENVI RONVENT PARAMETERS (nmetric units)
Bounded section

BS = 158.50 AS = 996.34 QA = 49.82 ICHREG: 1
HA = 6.29 HD = 4.40

UA = 0. 050 F = 0. 027 USTAR =0. 2882E- 02

uw = 9. 300 UWSTAR=0. 1193E-01

Uni form density environnent
STRCND= U RHOAM = 1001. 0000

DI SCHARGE PARAMETERS (netric units)
Above Surface Di scharge:
Re- conmput ed di scharge conditions at entry point at water surface.

BANK = RIGHT DI STB = 1.02

DO = 0.110 A0 = 0.010 HO = 4.40 SUBO0 = 0. 00
THETA = 0.00 SIGWA = 90. 00

uo = 5.672 QO = 0. 054 =0. 5394E- 01

RHOO = 999.7019 DRHO =0.1298E+01 GPO  =0.1272E-01

Co =0. 5900E-01 CUNITS= ny/l

IPOLL = 1 KS =0. 0000E+00 KD =0. 0000E+00
FLUX VARI ABLES (netric units)

Q =0. 5394E-01 M =0. 3059E+00 JO =0. 6859E- 03 SI GNJO= 1.0
Associ ated I ength scales (neters)

LQ = 0.10 LM = 15.71 Lm = 11.06 Lb = 5. 49

Lmp = 99999.00 Lbp = 199999.00

NON- DI MENSI ONAL PARAMVETERS

FRO = 151.63 R = 113. 44
FLOW CLASSI FI CATI ON

1111111121112111211217111211217111711121111111111

1 Flowclass (CORM X1) = IPV5s 1

1 Applicable layer depth HS = 4.40 1
11111211122111212112211221122112211211271112111211
M XING ZONE / TOXI C DI LUTION / REG ON OF | NTEREST PARAMETERS

Cco =0. 5900E- 01 CUNITS= ng/l

NTOX = 1 CMC  =0.5800E-02 CCC = CSTD

NSTD = 1 CSTD =0. 3730E-02

REGWZ = 1

REGSPC= 1 XREG = 91.44 WREG = 0.00 AREG = 0. 00
XINT = 3500.00 XwMAX =  3500.00
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X-Y-Z COCRDI NATE SYSTEM
CRIAN is located at the bottom and bel ow the center of the port:
1.02 m fromthe RI GHT bank/shore.
X-axis points downstream Y-axis points to left, Z-axis points upward.
NSTEP = 30 display intervals per nodul e

BEG N MOD101: DI SCHARGE MCDULE

X Y Z S C B Uc T
0. 00 0. 00 4.40 1.0 0.590E-01 0. 06 5.672 . 00000E+00

END OF MCD101: DI SCHARGE MODULE

BEG N MOD134: UNSTABLE RECI RCULATI ON REG ON OVER LAYER DEPTH

I NI TI AL LOCAL VERTI CAL | NSTABI LI TY REG ON:
Bulk dilution (S = 14.76) occurs in alimted region (horizontal extent
= 47.12 m surrounding the di scharge | ocation.

Control vol une infl ow
X Y V4 S C B TT
0. 00 0.00 4. 40 1.0 0.590E-01 0. 06 . OO000E+00

** CMC HAS BEEN FOUND **
The pol | utant concentration in the plunme falls bel ow CMC val ue of 0.580E-02
due to mixing in this control vol une.
The actual extent of the TOXIC DI LUTION ZONE wi Il be smaller than control
vol ure out fl ow val ues predicted bel ow.

Control volune outfl ow
X Y Z S C BV BH ZU ZL
TT
0. 00 0. 00 4. 40 1.0 0.590E-01 11.00 0. 00 0. 00 0. 00
. 00000E+00

END OF MOD134: UNSTABLE RECI RCULATI ON REG ON OVER LAYER DEPTH

BEG N MOD134a: UPSTREAM SPREADI NG AFTER NEAR- FI ELD | NSTABI LI TY

UPSTREAM | NTRUSI ON PROPERTI ES:

Upstreamintrusion | ength = 0.55 m
X-position of upstream stagnation point = -0.55 m
Thi ckness in intrusion region = 4.40 m
Hal f-wi dth at downstream end = 72.65 m
Thi ckness at downst ream end = 0.48 m
Control volune infl ow
X Y z S C B TT
0. 00 0. 00 2.20 14.8 0.400E-02 0.06 .00000E+00

Profile definitions:
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BV = top-hat thickness, neasured vertically
BH = top-hat half-wi dth, nmeasured horizontally in Y-direction
ZU = upper plunme boundary (Z-coordinate)
ZL = |l ower plunme boundary (Z-coordinate)
S = hydrodynami c average (bul k) dilution
C = average (bul k) concentration (includes reaction effects, if any)
TT = Cumul ative travel tine
X Y z S C BV BH ZU ZL
TT
-0.55 0.00 4.40 9999.9 0.000E+00 0.00 0.00 4.40 4.40
. 72647E+03
0.19 0.00 4.40 14.8 0.400E-02 4.40 10. 27 4.40 0. 00
. 38154E+01

**WATER QUALI TY STANDARD OR CCC HAS BEEN FOUND* *

The pol lutant concentration in the plune falls bel ow water quality standard
or CCC value of 0.373E-02 in the current prediction interval.

This is the spatial extent of concentrations exceeding the water quality
standard or CCC val ue.

3.80 0. 00 4.40 16.9 0. 350E-02 4. 40 24. 96 4.40 0. 00
. 76081E+02
7.42 0. 00 4.40 22.3 0. 264E-02 4. 40 33.76 4.40 0. 00
. 14835E+03
11. 03 0. 00 4.40 30.0 0.197E-02 4. 40 40.71 4.40 0. 00
. 22061E+03
14. 64 0. 00 4.40 38.4 0. 154E-02 4. 40 46. 63 4.40 0. 00
. 29288E+03
18. 26 0. 00 4.40 46.2 0.128E-02 4. 40 51. 88 4.40 0. 00
. 36515E+03
21. 87 0. 00 4. 40 52.6 0.112E-02 4. 40 56. 65 4.40 0. 00
.43741E+03
25. 48 0. 00 4. 40 57.3 0.103E-02 3.93 61. 04 4.40 0. 47
. 50968E+03
29.10 0. 00 4. 40 60.4 0.977E-03 2.38 65. 14 4. 40 2.02
. 58194E+03
32.71 0. 00 4. 40 62.2 0.948E-03 1.44 69. 00 4. 40 2.96
. 65421E+03
36. 32 0. 00 4. 40 64.2 0.920E-03 0. 48 72. 65 4. 40 3.92
. 72647E+03
Cunul ative travel tinme = 726. 4749 sec

END OF MOD134a: UPSTREAM SPREADI NG AFTER NEAR- FI ELD | NSTABI LI TY

** End of NEAR-FIELD REG ON (NFR) **

In this design case, the discharge is | ocated CLOSE TO BANK/ SHORE.
Sone boundary interaction occurs at end of near-field.

This may be related to a design case with a very LONAMBI ENT VELOCI TY.

The dilution values in one or nore of the preceding zones may be too high.
Carefully evaluate results in near-field and check degree of interaction.

Consi der |ocating outfall further away from bank or shore.
In the next prediction nodule, the plunme centerline will be set
to foll ow t he bank/shore.

BEG N MOD141: BUOYANT AMBI ENT SPREADI NG
Pl une is ATTACHED to RI GHT bank/ shor e.
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Plume width is now determ ned from Rl GHT bank/ shore.

Profile definitions:
t op- hat thickness,

BV
BH
ZU
ZL
S

C

TT

upper
| owner
hydr odynani ¢ average (bul k) dilution
average (bul k) concentration (includes reaction effects,
Cunul ative trave

measured vertically
top-hat half-w dth, measured horizontally in Y-direction

pl ume boundary (Z-coordinate)
pl ume boundary (Z-coordinate)

tinme

Plume Stage 2 (bank attached):

X
T
36. 32
. 72647E+03
39. 05
. 78104E+03
41.79
. 83560E+03
44.52
. 89016E+03
47. 25
. 94472E+03
49. 98
. 99928E+03
52.71
. 10538E+04
55. 44
. 11084E+04
58. 17
. 11630E+04
60. 90
. 12175E+04
63. 63
. 12721E+04
66. 36
. 13266E+04
69. 10
. 13812E+04
71.83
. 14358E+04
74. 56
. 14903E+04
77.29
. 15449E+04
80. 02
. 15995E+04
82.75
. 16540E+04
85. 48
. 17086E+04
88. 21
. 17631E+04
90. 94
. 18177E+04

** REGULATORY M XI NG ZONE BOUNDARY
In this prediction interva
the regul atory val ue
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S

6
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91.44 m
This is the extent of the REGULATORY M XI NG ZONE

C

0. 920E- 03

0. 817E-03

0. 734E- 03

0. 666E- 03

0. 609E- 03

0. 560E- 03

0. 518E- 03

0. 482E- 03

0. 450E- 03

0. 422E- 03

0. 397E- 03

0. 374E- 03

0. 354E-03

0. 335E-03

0. 318E-03

0. 303E-03

0. 289E- 03

0. 276E- 03

0. 264E- 03

0. 253E-03

0. 242E- 03

* %

BV

0.94

1.05

1.17

1.28

1.39

1.51

1.62

1.73

1.85

1.96

2.07

2.19

2.30

2.42

2.53

2. 65

2.76

2.88

2.99

3.11

3.22

73.

74.

74.

74.

75.

75.

75.

76.

76.

7.
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77.

78.

78.

78.

79.

79.

80.

80.

81.

81.

BH

67

01

36

72

09

46

84

22

61

00

39

79

19

59

99

40

81

22

63

04

45

i f any)

ZU
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4. 40
4. 40
4. 40
4. 40
4. 40
4. 40
4. 40
4. 40
4. 40
4. 40
4. 40
4. 40
4. 40

4.40
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3.

1

ZL

46

.35

.23

.12

.01

.90

.78

. 67

. 55

.44

.33

.21

.10

.98

. 87

. 75

. 64

.52

.41

.29

18

the plume DOMSTREAM di stance neets or exceeds



93. 68 -1.02 4.40 253.6 0.233E-03 3.34 81. 87 4.40 1.06
. 18723E+04

96. 41 -1.02 4. 40 263.8 0.224E-03 3. 46 82. 28 4. 40 0. 94
. 19268E+04

99. 14 -1.02 4. 40 274.1 0. 215E-03 3. 57 82.70 4. 40 0. 83
. 19814E+04

101. 87 -1.02 4. 40 284.5 0. 207E-03 3. 69 83. 12 4. 40 0.71
. 20359E+04

104. 60 -1.02 4. 40 295.0 0. 200E-03 3.81 83. 53 4. 40 0.59
. 20905E+04

107. 33 -1.02 4. 40 305.6 0.193E-03 3.93 83. 95 4. 40 0. 47
. 21451E+04

110. 06 -1.02 4,40 316.3 0. 187E-03 4. 04 84. 37 4. 40 0. 36
. 21996E+04

112. 79 -1.02 4,40 327.2 0. 180E-03 4.16 84.79 4.40 0.24
. 22542E+04

115. 52 -1.02 4,40 338.2 0.174E-03 4,28 85. 21 4. 40 0.12
. 23088E+04

118. 25 -1.02 4,40 349.3 0. 169E-03 4. 40 85. 63 4,40 0. 00
. 23633E+04
Cunul ative travel tine = 2363. 3167 sec

END OF MOD141: BUOYANT AMBI ENT SPREADI NG

Bottom coordi nate for FAR-FIELD is determ ned by average depth, ZFB = -1.89m

BEG N MOD161: PASSI VE AMBI ENT M XI NG I N UNI FORM AMBI ENT

0. 106E-01 m2/s
0. 132E-01 m2/s

Vertical diffusivity (initial value)
Hori zontal diffusivity (initial value)

Profile definitions:
BV = Gaussian s.d.*sqrt(pi/2) (46% thickness, nmeasured vertically
or equal to layer depth, if fully m xed

BH = Gaussian s.d.*sqrt(pi/2) (46% half-w dth,
nmeasured horizontally in Y-direction
ZU = upper plume boundary (Z-coordinate)
ZL = | ower plunme boundary (Z-coordinate)
S = hydrodynanic centerline dilution
C = centerline concentration (includes reaction effects, if any)
TT = Cumul ative travel tine
Plume Stage 2 (bank attached):
X Y Z S C BV BH ZU ZL
TT
118. 25 -1.02 4.40 349.3 0.169E-03 4.40 85. 63 4.40 0. 00
. 23633E+04

Plune interacts with BOTTOM
The passive diffusion plune becones VERTI CALLY FULLY M XED within this
prediction interval

230. 98 -1.02 4. 40 502.2 0.117E-03 6. 29 86. 17 4. 40 -1.89
. 46154E+04

343.70 -1.02 4.40 505.3 0.117E-03 6.29 86. 71 4.40 -1.89
. 68674E+04

456. 43 -1.02 4.40 508.4 0. 116E-03 6.29 87.24 4.40 -1.89
. 91195E+04

569. 15 -1.02 4.40 511.5 0. 115E-03 6.29 87.78 4.40 -1.89
. 11372E+05
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681. 88 -1.02 4.40 514.6 0. 115E-03 6. 29 88. 31 4.40 -1.89
. 13624E+05

794. 60 -1.02 4.40 517.7 0.114E-03 6.29 88. 83 4.40 -1.89
. 15876E+05
907. 33 -1.02 4.40 520.7 0.113E-03 6.29 89. 36 4.40 -1.89

. 18128E+05

1020. 05 -1.02 4.40 523.8 0.113E-03 6.29 89. 88 4.40 -1.89
. 20380E+05

1132. 78 -1.02 4.40 526.8 0.112E-03 6.29 90. 40 4.40 -1.89
. 22632E+05

1245. 50 -1.02 4.40 529.8 0.111E-03 6.29 90.91 4.40 -1.89
. 24884E+05

1358. 23 -1.02 4.40 532.8 0.111E-03 6.29 91. 42 4.40 -1.89
. 27136E+05

1470. 95 -1.02 4.40 535.7 0.110E-03 6.29 91. 93 4.40 -1.89
. 29388E+05

1583. 68 -1.02 4.40 538.7 0.110E-03 6.29 92. 44 4.40 -1.89
. 31640E+05

1696. 40 -1.02 4.40 541.6 0.109E-03 6.29 92.94 4.40 -1.89
. 33892E+05

1809. 13 -1.02 4.40 544.5 0.108E-03 6.29 93. 44 4.40 -1.89
. 36144E+05

1921. 85 -1.02 4.40 547.4 0.108E-03 6.29 93.94 4.40 -1.89
. 38396E+05

2034. 58 -1.02 4.40 550.3 0.107E-03 6.29 94. 44 4.40 -1.89
. 40648E+05

2147. 30 -1.02 4.40 553.2 0.107E-03 6.29 94. 93 4.40 -1.89
. 42900E+05

2260. 03 -1.02 4.40 556.1 0.106E-03 6.29 95. 42 4.40 -1.89
. 45152E+05

2372. 75 -1.02 4.40 558.9 0.106E-03 6.29 95.91 4.40 -1.89
. 47404E+05

2485. 48 -1.02 4.40 561.7 0.105E-03 6.29 96. 39 4.40 -1.89
. 49657E+05

2598. 20 -1.02 4.40 564.5 0.105E-03 6.29 96. 88 4.40 -1.89
. 51909E+05

2710. 93 -1.02 4.40 567.3 0.104E-03 6.29 97. 36 4.40 -1.89
. 54161E+05

2823. 65 -1.02 4.40 570.1 0.103E-03 6.29 97. 83 4.40 -1.89
. 56413E+05

2936. 38 -1.02 4.40 572.9 0.103E-03 6.29 98. 31 4.40 -1.89
. 58665E+05

3049. 10 -1.02 4.40 575.7 0.102E-03 6.29 98. 78 4.40 -1.89
. 60917E+05

3161. 83 -1.02 4.40 578.4 0.102E-03 6.29 99. 25 4.40 -1.89
. 63169E+05

3274. 55 -1.02 4.40 581.1 0.102E-03 6.29 99.72 4.40 -1.89
. 65421E+05

3387. 28 -1.02 4.40 583.9 0.101E-03 6.29 100. 19 4.40 -1.89
. 67673E+05

3500. 00 -1.02 4.40 586.6 0.101E-03 6.29 100. 66 4.40 -1.89
. 69925E+05
Cunul ative travel time = 69925. 0781 sec
Sinmulation limt based on maxi mum speci fied di stance = 3500.00 m

This is the REG ON OF | NTEREST linmtation.

END OF MOD161: PASSI VE AMBI ENT M XI NG | N UNI FORM AMBI ENT
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CORM X1: Single Port D scharges End of Prediction File
1112211112222111222111222112221112221112221112221112221117122111222111221111221111121
11111111112111111
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CORM X SESSI ON REPORT:
HIRXKKHKIRIAIIKIKIKIRIAIIKIKIIIIKLIHIRIHIKIKIKIIIIKIKIKIHIHIKIIKIIIKIKIKIKIRIIKIIKHKIHIIKIKIKIKIIKIIKIKIKIKIKIKIIAIKIKKHXHXKK
CORM X M XI NG ZONE EXPERT SYSTEM

CORM X Version 6.0GT
HYDROL: Ver si on-6.0. 0.0 Cct ober, 2009

S| TE NAME/ LABEL:

DESI GN CASE:

FI LE NAME:
P-\M xing\Critical Di schargeScenari os\ V. 6. 0\ 400G°PMFi nal Ri ver\ JD309(4) 400GPMeSt ea
dyFi nal 6. OR prd

Usi ng subsyst em CORM X1: Singl e Port Discharges

Start of session: 03/ 26/ 2010- - 14: 37: 00

R R IR R Sk I R R IRk Ok kR S R AR R Rk kS S R R R Sk kI R R o Sk kR I Rk S e O S

SUMMARY OF | NPUT DATA:

AMBI ENT PARAMETERS:

JD309(4) 400GPMeSt eadyFi nal 6. 0

Cross-section = bounded

W dt h BS = 158.50 m

Channel regularity | CHREG = 1

Ambi ent flowate QA = 49.82 m3/s

Aver age depth HA =6.29 m

Dept h at di scharge HD =4.40 m

Ambi ent velocity UA = 0.05 ms

Dar cy- Wi sbach friction factor F = 0. 0266

Cal cul ated from Manning's n = 0.025

Wnd vel ocity uw =9.30 m's

Stratification Type STRCND = U

Surface density RHOAS = 1001. 0000 kg/ m3

Bott om density RHOAB = 1001. 0000 kg/ m'3
Dl SCHARGE PARAMETERS: Single Port Discharge

Near est bank = right

Di stance to bank DISTB = 1.02 m

Port di ameter DO = 0.1100 m

Port cross-sectional area A0 = 0.0095 nt2

D scharge velocity uo =5.67 ms

Di scharge flowate Q = 0.053935 nt3/s

Di scharge port height HO =4.40 m

Vertical discharge angle THETA = -88.13 deg

Hori zontal di scharge angl e SIGVA = 90 deg

D scharge tenperature (freshwater) = 10 degC

Correspondi ng density RHOO 999. 7019 kg/ nt3
Density difference DRHO 1.2981 kg/ m3
Buoyant accel eration GP0 0. 0127 m s"2
D scharge concentration Co 0. 059 ny/ |
Surface heat exchange coeff. KS 0 nls
Coef ficient of decay KD 0/s
DI SCHARGE/ ENVI RONMENT LENGTH SCALES:
LQ =0.10 m Lm = 11.06 m Lb =5.49 m
LM =15.71 m Lm = 99999 m Lb" = 99999 m
NON- DI MENSI ONAL PARAMETERS:
Port densinetric Froude number FRO = 151.63
Velocity ratio R = 113. 44
M XING ZONE / TOXI C DI LUTI ON ZONE / AREA OF | NTEREST PARAMETERS:
Toxi ¢ di scharge = yes
CMC concentration cMC = 0.0058 ny/ |
CCC concentration CcC = 0.00373 ny/l
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Water quality standard specified gi ven by CCC val ue

Regul atory m xi ng zone = yes

Regul atory m xi ng zone specification = di stance

Regul atory m xi ng zone val ue =91.44 m(m2 if area)
Regi on of interest = 3500 m

R R I S S S S O S S S R S S O

HYDRODYNAM C CLASSI FI CATI ON:
*

| FLOW CLASS | PV5 |

This flow configuration applies to a |layer corresponding to the full water
depth at the discharge site.

Applicable layer depth = water depth = 4.40 m

R R I Sk R S R IRk Ok kR I IRk kI b kR R R Rk Sk b kO R Rk kb Ok O R Rk S b O R

M XI NG ZONE EVALUATI ON (hydrodynam ¢ and regul atory sunmary):

X-Y-Z Coordi nate system

Oiginis located at the bottom bel ow the port center:
1.02 mfromthe right bank/shore.
Nunber of display steps NSTEP = 30 per nodul e.

NEAR- FI ELD REG ON (NFR) CONDI Tl ONS :

Note: The NFR is the zone of strong initial mxing. It has no regulatory
inmplication. However, this information may be useful for the discharge
desi gner because the mxing in the NFRis usually sensitive to the
di scharge desi gn conditions.

Pol I utant concentration at NFR edge ¢ = 0.0009 ny/l
Dilution at edge of NFR S = 64.2
NFR Locati on: X = 36.32 m
(centerline coordinates) y =0m
z =4.40m
NFR pl une di mensions: half-width (bh) = 72.65 m
t hi ckness (bv) = 0.48 m

Cunul ative travel tine: 726.4748 sec.
Buoyancy assessment:
The effluent density is |ess than the surroundi ng anmbi ent water
density at the discharge |evel.
Therefore, the effluent is POSI TI VELY BUOYANT and will tend to rise towards
the surface.
UPSTREAM | NTRUSI ON  SUMVARY:
Pl une exhibits upstreamintrusion due to | ow anbient velocity or strong
di scharge buoyancy.

Intrusion | ength = 0.55m
I ntrusion stagnati on point = -0.55m
I ntrusion thickness = 25.23 m
Intrusion half wi dth at i npingenent = 72.65 m
Intrusion half thickness at inpingenent = 0.48 m

FAR- FI ELD M XI NG SUMVARY:
Plume is vertically fully nmixed WTH N NEAR-FI ELD (or a fraction thereof),
but RE- STRATI FI ES LATER
Pl ume becones vertically fully m xed again at 230.98 m downstream
PLUVE BANK CONTACT SUMVARY:
Pl une in bounded section contacts one bank only at 36.32 m downstream
R I Rk I I b b S S b b I S b I S R Toxl C DI LLJTI O\l ZO\IE SU'V'VARY R I I b b I b b S I b b S S Ik Ik
Recal | : The TDZ corresponds to the three (3) criteria issued in the USEPA
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Techni cal Support Docunent (TSD) for Water Quality-based Toxics Control,
1991 ( EPA/ 505/ 2-90-001).
Criterion maxi mum concentrati on (CVO) 0.0058 ny/l

Correspondi ng dilution 10. 172414

The CMC was encountered within a control vol ume describing a portion
of the discharge plune.

Therefore, the follow ng plune conditions are a conservative estimate (with
| ower concentrations or with |larger dinensions) for the region at whose
boundary the CMC is met:
Local boundary concentration

0. 003999 nu/l

Correspondi ng dilution = 14. 755100
Pl unme | ocati on: X =0m
(centerline coordi nates) y =0 m
z =2.20m
Pl ume di nmensi on: hal f-width (bh) = 11.00 m
thi ckness (bv) = 0 m

Conput ed di stance from port opening to CMC | ocation = 2.20 m

CRITERION 1: This location is within 50 tinmes the discharge | ength scale of
Lg = 0.10 m

+++++ The di scharge | ength scale TEST for the TDZ has been SATI SFI ED. ++++++

Conput ed horizontal distance fromport opening to CMC |l ocation = 0 m
CRITERION 2: This location is within 5 tines the anbient water depth of

HD = 4.40 m
++++++++++ The anbi ent depth TEST for the TDZ has been SATI SFI ED. ++++++++++

Conput ed di stance from port opening to CMC | ocation = 2.20 m
CRITERION 3: This location is within one tenth the distance of the extent
of the Regulatory M xing Zone of 91.45 min any
spatial direction fromthe port opening.
+++++ The Regul atory M xi ng Zone TEST for the TDZ has been SATI SFI ED. ++++++

The diffuser discharge velocity is equal to 5.67 nis.
Thi s exceeds the value of 3.0 nms recomended in the TSD

*** Al three CMC criteria for the TDZ are SATISFIED for this discharge. ***
EIRE R I b I b b S b b S b b S I REGJLATO?Y MXINGZG\IE SUMVAR R IR IR b b b S b b S b b I S
The plume conditions at the boundary of the specified RMZ are as foll ows:

Pol | utant concentrati on c = 0.000241 ny/l
Correspondi ng dilution s = 245.3
Pl une | ocati on: X = 91.44 m
(centerline coordinates) y =-1.02 m
Z =440 m
Pl ume di nmensi ons: hal f-width (bh) = 81.53 m
t hi ckness (bv) = 3.25 m
Cunul ative travel tine: 1827. 6079 sec

At this position, the plume is CONTACTI NG the RI GHT bank.

Furthernmore, the CCC for the toxic pollutant has indeed been net
within the RMZ. In particular:

The CCC was encountered at the followi ng plunme position:

The CCC for the toxic pollutant was encountered at the follow ng
pl une position:

CCcC = 0.00373 ny/l
Correspondi ng dilution = 15.8
Pl une | ocati on: X = 2.12 m
(centerline coordinates) y =0 m
Z =440 m
Pl ume di nmensi ons: hal f-width (bh) = 18.10 m
t hi ckness (bv) = 24.66 m
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kkhkkhkkhkkhhkhkkkkhkhkhkkhhkkkkkhkhk*k FINAL ESIG\I ADVI(:E AND (:O\/IVENTS kkkhkkhkkhhkhkkkkhkkhkkhkhhkhkkikkkhkikk*k

REM NDER: The user nust take note that HYDRODYNAM C MCDELI NG by any known
techni que is NOT AN EXACT SCl ENCE.

Ext ensive conparison with field and | aboratory data has shown that the
CORM X predictions on dilutions and concentrations (w th associ ated

pl ume geonetries) are reliable for the magjority of cases and are accurate
to within about +-50% (standard devi ation).

As a further safeguard, CORM X will not give predictions whenever it judges
t he design configuration as highly conpl ex and uncertain for prediction.
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CORM X1 PREDI CTI ON FI LE:
1112211112222111222111222112222111222111222111222111222111122111222111221111221111121
11111111112111111
CORM X M XI NG ZONE EXPERT SYSTEM
Subsystem CORM X1: Single Port Discharges
CORM X Version 6.0GT
HYDROL Version 6.0.0.0 Cctober 2009

CASE DESCRI PTI ON
Site nane/| abel :

Desi gn case: JD309400GPM St eadyFi nal 6. 0
FI LE NAME: P:\...\400GPMFi nal Ri ver\ JD309400GPM St eadyFi nal 6. OR. prd
Ti me stanp: Fri Mar 26 14:38:43 2010

ENVI RONVENT PARAMETERS (netric units)
Bounded secti on

BS = 158.50 AS = 1087.45 QA = 122.88 |ICHREG= 1
HA = 6.86 HD = 4. 80

UA = 0.113 F = 0. 026 USTAR =0. 6420E- 02

uw = 9. 300 UWSTAR=0. 1193E-01

Uni form density environnent
STRCND= U RHOAM = 1001. 0000

DI SCHARGE PARAMETERS (nmetric units)
Above Surface Di scharge:
Re- conput ed di scharge conditions at entry point at water surface.

BANK = RIGHT DI STB = 0. 96
DO = 0. 089 A0 = 0. 006 HO = 4.80 SUBO = 0. 00
THETA = 0.00 SIGWA = 90. 00
uwo = 4.569 QO = 0. 029 =0. 2856E- 01
RHOO = 999.7019 DRHO =0.1298E+01 GPO  =0.1272E-01
0 =0. 1260E+00 CUNI TS= ny/l
IPOLL = 1 KS =0. 0000E+00 KD =0. 0000E+00
FLUX VARI ABLES (netric units)
Q =0. 2856E-01 M =0. 1305E+00 JO =0. 3632E- 03 SI GNJO= 1.0
Associ ated I ength scales (nmeters)
LQ = 0.08 LM = 11.39 Lm = 3.20 Lb = 0.25
Lmp = 99999.00 Lbp = 199999.00
NON- DI MENSI ONAL PARAMVETERS
FRO = 135.64 R = 40. 43
FLOW CLASSI FI CATI ON
111112111211171112111217111211217111711121111111111
1 Flowclass (CORM X1) = IPv4 1
1 Applicable layer depth HS = 4.80 1
1111121112211211221122112212211211271112111211
M XING ZONE / TOXI C DI LUTION / REG ON OF | NTEREST PARAMETERS
Cco =0. 1260E+00 CUNITS= ny/|
NTOX = 1 CMC  =0.5800E-02 CCC = CSTD
NSTD = 1 CSTD =0. 3730E-02
REGW = 1
REGSPC= 1 XREG = 91.44 WREG = 0.00 AREG = 0. 00
XINT = 3500.00 XwMAX =  3500.00
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X-Y-Z COCRDI NATE SYSTEM
CRIAN is located at the bottom and bel ow the center of the port:
0.96 m fromthe RI GAT bank/shore.
X-axis points downstream Y-axis points to left, Z-axis points upward.
NSTEP = 30 display intervals per nodul e

BEG N MOD101: DI SCHARGE MCDULE

X Y Z S C B Uc T
0. 00 0. 00 4. 80 1.0 0.126E+00 0.04 4. 569 . 00000E+00

END OF MCD101: DI SCHARGE MODULE

BEG N CORJET (MOD110): JET/ PLUVE NEAR-FI ELD M XI NG REG ON

Jet-like notion in weak crossfl ow.
UNSTABLE NEAR- FI ELD: Jet/plume will mx over full layer depth

Fol l ow ng MOD133 will include recirculation into jet region.
Zone of flow establishment: THETAE= -88.64 Sl GQVAE= 64. 44
LE = 0.41 XE = 0.00 YE = 0.01 ZE = 4.39

Profile definitions:

B = Gaussian 1/e (37% half-width, normal to trajectory

S = hydrodynam c centerline dilution

C = centerline concentration (includes reaction effects, if any)

Uc = Local centerline excess velocity (above ambient)

TT = Currul ative travel tine

X Y Z S C B Uc TT
0. 00 0. 00 4. 80 1.0 0. 126E+00 0. 04 4.569 . 00000E+00
0. 00 0.01 4.39 1.0 0.126E+00 0.05 4.569 . 32597E- 02
0. 00 0.01 4.27 1.1 0.112E+00 0.06 4.569 . 26057E-01
0.01 0.01 4.13 1.4 0.890E-01 0.08 3. 802 . 59691E- 01
0.01 0.02 3.99 1.7 0.737E-01 0.09 3.148 . 10095E+00
0. 02 0.02 3. 87 2.0 0.642E-01 0.10 2.739 . 14241E+00
0.03 0.02 3.73 2.3 0.558E-01 0.12 2.375 . 19797E+00
0.04 0. 03 3.61 2.5 0.500E-01 0.13 2.130 .25181E+00
0. 05 0.03 3. 47 2.8 0.446E-01 0. 15 1.897 . 32196E+00
0. 07 0.03 3.33 3.1 0.402E-01 0.17 1.706 . 40012E+00
0. 09 0.03 3.21 3.4 0.371E-01 0.18 1. 569 . 47357E+00
0.11 0. 04 3. 07 3.7 0.339E-01 0.20 1.431 . 56694E+00
0.13 0.04 2.94 4.0 0.311E-01 0.21 1.312 . 66871E+00
0. 15 0. 04 2.82 4.3 0.291E-01 0.23 1.223 . 76277E+00
0.18 0. 05 2. 68 4.7 0.270E-01 0. 25 1.130 . 88065E+00
0.21 0. 05 2.54 5.0 0.251E-01 0. 26 1.048 . 10075E+01
0. 24 0. 05 2.43 5.3 0.237E-01 0. 28 0. 985 . 11235E+01
0. 27 0. 05 2.29 5.7 0.221E-01 0.30 0.917 . 12676E+01
0.31 0. 06 2.15 6.1 0.207E-01 0.32 0. 856 . 14214E+01
0.35 0. 06 2.04 6.4 0.197E-01  0.33 0. 808 . 15612E+01
0. 39 0. 06 1.91 6.8 0.185E-01 0.35 0. 756 . 17337E+01
0.44 0. 07 1.77 7.2 0.174E-01 0. 37 0. 709 . 19168E+01
0. 49 0. 07 1.64 7.7 0.164E-01 0. 39 0. 665 . 21108E+01
0. 54 0. 07 1.53 8.1 0.157E-01 0.41 0. 629 . 22860E+01
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0. 59 0. 07 1.40 8.5 0.148E-01 0. 43 0.591 . 25012E+01
0. 65 0. 08 1.28 9.0 0.140E-01 0. 45 0. 555 . 27283E+01
0.70 0. 08 1.17 9.4 0.134E-01 0. 47 0.526 . 29327E+01
0.77 0. 08 1.04 9.9 0.127E-01 0. 49 0. 495 . 31830E+01
0. 84 0. 08 0. 92 10.5 0. 120E-01 0. 52 0. 465 . 34464E+01
0.90 0. 09 0. 82 11.0 0. 115E-01 0. 54 0. 442 . 36827E+01
0. 97 0. 09 0.70 11.5 0. 109E-01 0. 56 0. 415 . 39713E+01
1.05 0. 09 0. 58 12.0 0. 105E-01 0. 58 0. 394 . 42298E+01
Cunul ative travel time = 4, 2298 sec

END OF CORJET (MOD110): JET/ PLUME NEAR- FI ELD M XI NG REG ON

BEGA N MOD133: LAYER BOUNDARY | MPI NGEMENT/ FULL VERTI CAL M XI NG
Control volune infl ow
X Y Z S C B TT
1. 05 0.09 0.58 12.0 0. 105E-01 0.58 .42298E+01

Profile definitions:

BV = layer depth (vertically m xed)
BH = top-hat half-width, in horizontal plane normal to trajectory
ZU = upper plunme boundary (Z-coordinate)
ZL = | ower plunme boundary (Z-coordinate)
S = hydrodynani c average (bul k) dilution
C = average (bul k) concentration (includes reaction effects, if any)
TT = Cumul ative travel tine
X Y z S C BV BH ZU ZL
TT
0. 47 0.17 4. 80 12.0 0. 105E-01 0. 00 0. 00 4.80 4.80
. 42298E+01
1.01 0.17 4. 80 12.0 0.105E-01 4.80 0.14 4. 80 0. 00
. 42298E+01
1.55 0.17 4. 80 12.2 0.103E-01 4.80 0. 20 4.80 0. 00
. 86169E+01
2.08 0.17 4.80 12.9 0.980E-02 4.80 0.24 4.80 0. 00
. 13382E+02
2.62 0.17 4.80 13.7 0.918E-02 4.80 0.28 4.80 0. 00
. 18146E+02
3.16 0.17 4.80 14.6 0.861E-02 4.80 0.31 4.80 0. 00
. 22911E+02
3.70 0.17 4.80 15.4 0.816E-02 4.80 0.34 4.80 0. 00
. 27676E+02
4.24 0.17 4. 80 16.0 0.786E-02 4.80 0. 37 4. 80 0. 00
. 32440E+02
4.78 0.17 4. 80 16.4 0.767E-02 4.80 0.40 4. 80 0. 00
. 37205E+02
5.32 0.17 4. 80 16.7 0.756E-02 4.80 0.42 4. 80 0. 00
. 41970E+02
5. 85 0.17 4. 80 16.9 0.747E-02 4.80 0.44 4. 80 0. 00
. 46735E+02
Cunul ative travel time = 46. 7345 sec

END COF MCD133: LAYER BOUNDARY | MPI NGEMENT/ FULL VERTI CAL M XI NG

** End of NEAR-FI ELD REG ON (NFR) **
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BEG N MOD141: BUOYANT AMBI ENT SPREADI NG

Profile definitions:

BV = top-hat thickness, neasured vertically
BH = top-hat hal f-wi dth, nmeasured horizontally in Y-direction
ZU = upper plunme boundary (Z-coordinate)
ZL = |l ower plunme boundary (Z-coordinate)
S = hydrodynam c average (bul k) dilution
C = average (bul k) concentration (includes reaction effects, if any)
TT = Cumul ative travel time
Plume Stage 1 (not bank attached):
X Y z S C BV BH ZU ZL
TT
5.85 0.17 4.80 16.9 0.747E-02 4.80 0.44 4.80 0. 00
. 46735E+02
5.93 0.17 4.80 17.1 0.735E-02 4.58 0. 47 4.80 0.23
. 47445E+02
6. 01 0.17 4.80 17.4 0.724E-02 4.38 0.50 4.80 0. 43
. 48156E+02
6. 09 0.17 4.80 17.6 0.715E-02 4.20 0.53 4.80 0. 60
. 48867E+02
6.17 0.17 4.80 17.9 0.706E-02 4.05 0.56 4.80 0.76
. 49577E+02
6. 26 0.17 4.80 18.1 0.697E-02 3.91 0.58 4.80 0.90
. 50288E+02
6.34 0.17 4.80 18.3 0. 690E-02 3.78 0.61 4.80 1.02
. 50999E+02
6. 42 0.17 4. 80 18.5 0. 683E-02 3. 67 0. 64 4. 80 1.14
. 51710E+02
6. 50 0.17 4.80 18.6 0.676E-02 3.56 0. 66 4. 80 1.24
. 52420E+02
6. 58 0.17 4. 80 18.8 0.670E-02 3. 47 0.69 4. 80 1.34
. 53131E+02
6. 66 0.17 4. 80 19. 0 0. 664E-02 3. 38 0.71 4. 80 1.42
. 53842E+02
6.74 0.17 4.80 19.1 0. 659E-02 3.30 0.73 4.80 1.51
. 54552E+02
6. 82 0.17 4.80 19.3 0. 654E-02 3.22 0.76 4.80 1.58
. 55263E+02
6. 90 0.17 4.80 19. 4 0. 649E-02 3.15 0.78 4.80 1. 65
. 55974E+02
6. 98 0.17 4.80 19.6 0. 644E-02 3.08 0. 80 4.80 1.72
. 56685E+02
7.06 0.17 4. 80 19.7 0. 640E-02 3.02 0.82 4. 80 1.78
. 57395E+02
7.14 0.17 4. 80 19.8 0. 635E-02 2.96 0.85 4. 80 1.84
. 58106E+02
7.22 0.17 4. 80 20.0 0.631E-02 2.91 0.87 4. 80 1.90
. 58817E+02
7.30 0.17 4. 80 20.1 0.627E-02 2.85 0. 89 4.80 1.95
. 59527E+02
7.38 0.17 4.80 20.2 0.624E-02 2.80 0.91 4.80 2.00
. 60238E+02
7.46 0.17 4.80 20.3 0. 620E-02 2.76 0.93 4.80 2.05
. 60949E+02
7.54 0.17 4.80 20.4 0.617E-02 2.71 0.95 4.80 2.09
. 61660E+02
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7.62 0.17 4. 80 20.5 0.613E-02 2. 67 0. 97 4. 80 2.14
. 62370E+02

7.70 0.17 4. 80 20.6 0.610E-02 2. 63 0. 99 4. 80 2.18
. 63081E+02

7.78 0.17 4. 80 20.8 0.607E-02 2.59 1.01 4. 80 2.21
. 63792E+02

7. 86 0.17 4. 80 20.9 0. 604E-02 2.55 1.03 4. 80 2.25
. 64502E+02

7.94 0.17 4. 80 21.0 0.601E-02 2.52 1.05 4. 80 2.29
. 65213E+02

8. 02 0.17 4. 80 21.1 0.598E-02 2.48 1. 07 4. 80 2.32
. 65924E+02

8.10 0.17 4. 80 21.2 0.596E-02 2.45 1.09 4. 80 2.35
. 66635E+02

8.18 0.17 4. 80 21.2 0.593E-02 2.42 1.11 4. 80 2.39
. 67345E+02

8. 26 0.17 4. 80 21.3 0.590E-02 2. 39 1.13 4. 80 2.42
. 68056 E+02
Cunul ative travel time = 68. 0561 sec

Pl une is ATTACHED to RI GHT bank/ shor e.
Plume width is now determ ned from Rl GHT bank/ shore

Plume Stage 2 (bank attached):
X Y z S C BV BH ZU ZL
TT
8. 26 -0.96 4.80 21.3 0.590E-02 2.39 2.26 4.80 2.42
. 68056E+02
** CMC HAS BEEN FOUND **
The pollutant concentration in the plunme falls bel ow CMC val ue of 0.580E-02
in the current prediction interval.
This is the extent of the TOXI C DI LUTI ON ZONE

14. 83 -0.96 4. 80 24.3 0.519E-02 1.70 3.61 4.80 3.10
. 12617E+03

21. 40 -0.96 4. 80 26.6 0.474E-02 1.42 4.72 4. 80 3.38
. 18429E+03

27.97 -0.96 4.80 28.8 0.438E-02 1.27 5.71 4.80 3.53
. 24241E+03

34.54 -0.96 4.80 31.1 0.405E-02 1.19 6. 61 4.80 3.61
. 30053E+03

41. 11 -0.96 4. 80 33.6 0.375E-02 1.14 7.44 4.80 3. 66
. 35865E+03

**WATER QUALI TY STANDARD OR CCC HAS BEEN FOUND**
The pol lutant concentration in the plune falls bel ow water quality standard
or CCC value of 0.373E-02 in the current prediction interval.
This is the spatial extent of concentrations exceeding the water quality
standard or CCC val ue.

47. 68 -0.96 4.80 36.5 0.345E-02 1.12 8.23 4.80 3. 68
. 41677E+03

54.25 -0.96 4.80 39.7 0.317E-02 1.12 8. 97 4. 80 3. 68
. 47489E+03

60. 82 -0.96 4.80 43.3 0. 291E-02 1.13 9. 68 4.80 3. 67
. 53301E+03

67.38 -0.96 4. 80 47.4 0. 266E-02 1.15 10. 37 4. 80 3.65
. 59113E+03

73. 95 -0. 96 4. 80 51.8 0. 243E-02 1.19 11. 03 4. 80 3.62
. 64924E+03

JD309400GPMfSteadyFinal6.0R.prd.docx Page 5 of 8



80. 52 -0.96 4.80 56.8 0.222E-02 1.23 11. 67 4.80 3.57
. 70736E+03
87.09 -0.96 4.80 62.2 0.203E-02 1.28 12. 29 4.80 3.52
. 76548E+03
** REGULATORY M XI NG ZONE BOUNDARY **
In this prediction interval the plunme DOMNSTREAM di stance neets or exceeds

the regul atory value = 91.44 m
This is the extent of the REGULATORY M XI NG ZONE

93. 66 -0.96 4. 80 68.1 0. 185E-02 1.33 12. 90 4. 80 3. 47
. 82360E+03

100. 23 -0.96 4. 80 74.5 0. 169E-02 1. 40 13. 49 4. 80 3.41
. 88172E+03

106. 80 -0.96 4. 80 81.5 0. 155E-02 1. 46 14. 07 4. 80 3.34
. 93984E+03

113. 37 -0.96 4. 80 89.0 0. 142E-02 1.54 14. 64 4. 80 3.27
. 99796 E+03

119. 94 -0.96 4. 80 97.1 0. 130E-02 1.61 15. 20 4. 80 3.19
. 10561E+04

126. 50 -0.96 4. 80 105.7 0.119E-02 1.70 15.74 4. 80 3.11
. 11142E+04

133. 07 -0.96 4. 80 114.9 0. 110E-02 1.78 16. 28 4. 80 3.02
. 11723E+04

139. 64 -0.96 4,80 124.8 0. 101E-02 1.88 16. 81 4. 80 2.93
. 12304E+04

146. 21 -0.96 4,80 135.2 0. 932E-03 1.97 17.34 4,80 2.83
. 12886 E+04

152. 78 -0.96 4,80 146. 2 0. 862E-03 2. 07 17. 85 4,80 2.73
. 13467E+04

159. 35 -0.96 4,80 157.9 0. 798E-03 2.17 18. 36 4,80 2.63
. 14048E+04

165. 92 -0.96 4,80 170. 2 0. 740E-03 2.28 18. 87 4,80 2.52
. 14629E+04

172. 49 -0.96 4,80 183. 2 0. 688E-03 2.39 19. 37 4,80 2.41
. 15210E+04

179. 06 -0.96 4,80 196. 8 0. 640E-03 2.51 19. 86 4,80 2.30
. 15791E+04

185. 63 -0.96 4,80 211.1 0.597E-03 2.62 20. 34 4,80 2.18
. 16373E+04

192. 19 -0.96 4,80 226.1 0.557E-03 2.74 20. 83 4,80 2.06
. 16954E+04

198. 76 -0.96 4,80 241.8 0.521E-03 2. 87 21. 30 4,80 1.93
. 17535E+04

205. 33 -0.96 4,80 258.2 0.488E-03 3.00 21.77 4,80 1.81
. 18116E+04
Cunul ative travel tine = 1811. 6215 sec

END OF MOD141: BUOYANT AMBI ENT SPREADI NG

BEG N MOD161: PASSI VE AMBI ENT M XI NG I N UNI FORM AMBI ENT

0. 120E-01 nt2/s
0. 150E- 01 nt2/s

Vertical diffusivity (initial value)
Hori zontal diffusivity (initial value)

Profile definitions:
BV = Gaussian s.d.*sqrt(pi/2) (46% thickness, neasured vertically
or equal to layer depth, if fully m xed
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BH = Gaussian s.d.*sqrt(pi/2) (46% half-wi dth
measured horizontally in Y-direction
ZU = upper plunme boundary (Z-coordinate)
ZL = |l ower plunme boundary (Z-coordinate)
S = hydrodynamic centerline dilution
C = centerline concentration (includes reaction effects, if any)
TT = Cumul ative travel tine
Plume Stage 2 (bank attached):
X Y z S C BV BH ZU ZL
TT
205. 33 -0.96 4.80 258.2 0.488E-03 3.00 21.77 4.80 1.81
. 18116E+04
315. 15 -0.96 4.80 366.7 0.344E-03 4.06 22.80 4.80 0.74
. 27833E+04
424,98 -0.96 4.80 512.3 0.246E-03 5.44 23.79 4.80 -0.64
. 37549E+04

Plune interacts with BOTTOM
The passive diffusion plunme beconmes VERTI CALLY FULLY M XED within this
prediction interval

534. 80 -0. 96 4. 80 671.5 0. 188E-03 6. 86 24.74 4. 80 -2.06

. 47266E+04
644. 62 -0.96 4.80 696.3 0. 181E-03 6. 86 25. 65 4.80 -2.06

. 56982E+04
754. 44 -0.96 4.80 720.2 0.175E-03 6. 86 26. 53 4.80 -2.06

. 66699E+04
864. 27 -0.96 4.80 743.3 0.170E-03 6. 86 27.38 4.80 -2.06

. 76415E+04
974. 09 -0.96 4.80 765.7 0. 165E-03 6. 86 28. 20 4. 80 -2.06

. 86132E+04
1083. 91 -0. 96 4. 80 787.5 0. 160E-03 6. 86 29.01 4. 80 -2.06

. 95848E+04
1193. 73 -0.96 4. 80 808. 7 0. 156E-03 6. 86 29.79 4. 80 -2.06

. 10556E+05
1308. 55 -0.96 4. 80 829.4 0. 152E-03 6. 86 30. 55 4. 80 -2.06

. 11528E+05
1413. 38 -0.96 4.80 849.5 0. 148E-03 6. 86 31. 29 4. 80 -2.06

. 12500E+05
1523. 20 -0. 96 4.80 869. 2 0. 145E-03 6. 86 32.02 4. 80 -2.06

. 13471E+05
1633. 02 -0.96 4.80 888.5 0. 142E-03 6. 86 32.73 4.80 -2.06

. 14443E+05
1742. 84 -0.96 4.80 907.3 0.139E-03 6. 86 33.42 4. 80 -2.06

. 15415E+05
1852. 67 -0.96 4. 80 925.8 0. 136E-03 6. 86 34.10 4.80 -2.06

. 16386E+05
1962. 49 -0.96 4. 80 943.9 0. 133E-03 6. 86 34. 77 4. 80 -2.06

. 17358E+05
2072. 31 -0.96 4. 80 961.6 0.131E-03 6. 86 35.42 4. 80 -2.06

. 18330E+05
2182. 13 -0.96 4. 80 979.0 0. 129E-03 6. 86 36. 06 4. 80 -2.06

. 19301E+05
2291. 96 -0.96 4. 80 996. 2 0. 126E-03 6. 86 36. 69 4. 80 -2.06

. 20273E+05
2401. 78 -0.96 4.80 1013.0 0.124E-03 6. 86 37.31 4. 80 -2.06

. 21245E+05
2511. 60 -0.96 4.80 1029.6 0.122E-03 6. 86 37.92 4. 80 -2.06

. 22216E+05
2621. 42 -0.96 4.80 1045.9 0.120E-03 6. 86 38. 52 4. 80 -2.06

. 23188E+05
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2731. 24 -0. 96 4.80 1061.9 0.119E-03 6. 86 39.12 4. 80 -2.06
. 24160E+05

2841. 07 -0.96 4.80 1077.8 0.117E-03 6. 86 39.70 4.80 -2.06
. 25131E+05

2950. 89 -0.96 4.80 1093.3 0.115E-03 6. 86 40. 27 4.80 -2.06
. 26103E+05

3060. 71 -0.96 4.80 1108.7 0.114E-03 6. 86 40. 84 4.80 -2.06
. 27075E+05

3170. 53 -0.96 4.80 1123.9 0.112E-03 6. 86 41. 40 4.80 -2.06
. 28046E+05

3280. 36 -0.96 4.80 1138.8 0.111E-03 6. 86 41. 95 4.80 -2.06
. 29018E+05

3390. 18 -0.96 4.80 1153.6 0.109E-03 6. 86 42. 49 4. 80 -2.06
. 29990E+05

3500. 00 -0.96 4.80 1168.2 0.108E-03 6. 86 43. 03 4.80 -2.06
. 30961E+05
Cunmul ative travel time = 30961. 1992 sec
Simulation Iimt based on maxi mum speci fi ed di stance = 3500. 00 m

This is the REG ON OF | NTEREST [imtation.

END OF MOD161: PASSI VE AMBI ENT M XI NG | N UNI FORM AMBI ENT

CORM X1: Single Port D scharges End of Prediction File
111121111122111222111122111222111212221112221112221122221112122111122111122211112111111
111122111111211111

JD309400GPMfSteadyFinal6.0R.prd.docx Page 8 of 8



CORM X SESSI ON REPORT:
OO0 000 00000.090.000.0.000.0000.000.0000000.000009.0.000.000.000.0.000.000.0.000.000.0000.000.000.64
CORM X M XI NG ZONE EXPERT SYSTEM
CORM X Version 6.0GT
HYDROL: Versi on-6.0. 0.0 Cctober, 2009

SI TE NAME/ LABEL:
DESI GN CASE:
FI LE NAME:

P:\M xing\Critical Di schargeScenari os\ V. 6. 0\ 400GPMFi nal R ver\ JD309400GPM St eadyF

i nal 6. OR prd
Usi ng subsyst em CORM X1:
Start of session:

SUWMMARY OF | NPUT DATA:

AMBI ENT PARAMETERS:

JD309400GPM St eadyFi nal 6. 0

Singl e Port Discharges
03/ 26/ 2010- - 14: 38: 43

R R Ik I R Ik Ok kR I Ik R R R Rk I b bk Sk R Rk Ik R bk kR SRRk kR ek S Rk

Cross-section = bounded
W dt h BS = 158.50 m
Channel regularity | CHREG = 1
Ambi ent flowate QA = 122.88 m'3/s
Aver age depth HA = 6.86 m
Dept h at di scharge HD =4.80m
Ambi ent velocity UA = 0.113 m's
Dar cy- Wi sbach friction factor F = 0.0258
Cal cul ated from Manning's n = 0.025
Wnd vel ocity uw =9.30 ms
Stratification Type STRCND = U
Surface density RHOAS = 1001. 0000 kg/ m3
Bott om density RHOAB = 1001. 0000 kg/ m'3
Dl SCHARGE PARAMETERS: Single Port Discharge
Near est bank = right
Di stance to bank DISTB = 0.96 m
Port di ameter DO = 0.0892 m
Port cross-sectional area A0 = 0.0063 nt2
D scharge velocity uo = 4.57 ms
Di scharge flowate Q = 0. 028558 nt'3/s
Di scharge port hei ght HO =4.80m
Vertical discharge angle THETA = -88.77 deg
Hori zontal di scharge angl e SIGVA = 90 deg
Di scharge tenperature (freshwater) = 10 degC
Correspondi ng density RHOO = 999.7019 kg/ m3
Density difference DRHO = 1.2981 kg/ m3
Buoyant accel eration GPO = 0.0127 m s”2
Di scharge concentration Cco = 0.126 ny/l
Surface heat exchange coeff. KS =0ns
Coef ficient of decay KD =0/s
DI SCHARGE/ ENVI RONMENT LENGTH SCALES:
LQ = 0.08 m Lm = 3.20 m Lb = 0.25 m
LM =11.39 m Lm = 99999 m Lb" = 99999 m
NON- DI MENSI ONAL PARAMETERS:
Port densinetric Froude number FRO = 135.64
Vel ocity ratio R = 40. 43
M XI NG ZONE / TOXI C DI LUTI ON ZONE / AREA OF | NTEREST PARAMETERS:
Toxi ¢ di scharge = yes
CMC concentration CcMC = 0.0058 ny/|
CCC concentration CcC = 0.00373 ny/l
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Water quality standard specified gi ven by CCC val ue

Regul atory m xi ng zone = yes

Regul atory m xi ng zone specification = di stance

Regul atory m xi ng zone val ue =91.44 m(m2 if area)
Regi on of interest = 3500 m

R R I S S S S O S S S R S S O

HYDRODYNAM C CLASSI FI CATI ON:
*

| FLOWCLASS = IPV4 |

This flow configuration applies to a |layer corresponding to the full water
depth at the discharge site.

Applicable layer depth = water depth = 4.80 m

R R IR I S R I R IRk Ok kR R R Rk kS R R Rk R Rk kA kR R R R Sk kR AR R R I e O S

M XI NG ZONE EVALUATI ON (hydrodynam ¢ and regul atory sunmary):

X-Y-Z Coordi nate system

Oiginis located at the bottom bel ow the port center:
0.96 mfromthe right bank/shore.
Nunber of display steps NSTEP = 30 per nodul e.

NEAR- FI ELD REG ON (NFR) CONDI Tl ONS :

Note: The NFR is the zone of strong initial mxing. It has no regulatory
inmplication. However, this information may be useful for the discharge
desi gner because the mxing in the NFRis usually sensitive to the
di scharge design conditions.

Pol I utant concentration at NFR edge c¢ = 0.0075 ny/l
Dilution at edge of NFR s = 16.9
NFR Locati on: x =5.85 m
(centerline coordinates) y = 0.17 m
z =4.80m
NFR pl ume di nensions: half-width (bh) = 0.44 m
t hi ckness (bv) = 4.80 m

Cunul ative travel tine: 46. 7345 sec.
Buoyancy assessment:
The effluent density is |ess than the surroundi ng anmbi ent water
density at the discharge |evel.
Therefore, the effluent is POSI TI VELY BUOYANT and will tend to rise towards
the surface.
Near-field instability behavior:
The discharge flow will experience instabilities with full vertical mxing
in the near-field.
There may be benthic inpact of high pollutant concentrations.
FAR- FI ELD M XI NG SUMVARY:
Plume is vertically fully nmixed WTH N NEAR-FI ELD (or a fraction thereof),
but RE- STRATI FI ES LATER
Pl une becones vertically fully m xed again at 534.80 m downstream
PLUME BANK CONTACT SUMVARY:
Pl ume in bounded section contacts one bank only at 8.26 m downstream
ERE I Rk I I b b S b b S b b I R R TOXI C I] LLJTI O\l ZO\IE SUIV'VARY R I I b b I b S S I b I S b S R R
Recal | : The TDZ corresponds to the three (3) criteria issued in the USEPA
Techni cal Support Docunent (TSD) for Water Quality-based Toxics Control,
1991 ( EPA/ 505/ 2-90-001).
Criterion maxi mum concentration (CVC)
Corresponding dilution

0.0058 my/|
21. 724138
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The CMC was encountered at the foll ow ng plunme position:

Pl ume | ocati on: X = 8.97 m
(centerline coordi nates) y =-0.96 m

z =4.80m

Pl ume di mensi on: hal f-width (bh) = 2.42 m
thi ckness (bv) = 2.27 m

Conput ed di stance from port opening to CMC | ocation = 9.02 m

CRITERION 1: This location is beyond 50 tinmes the discharge | ength scale of
Lg = 0.08 m

+++++ The discharge | ength scale TEST for the TDZ has FAI LED. ++++++

Conput ed horizontal distance fromport opening to CMC location = 9.02 m
CRITERION 2: This location is within 5 tines the anbient water depth of

HD = 4.80 m
++++++++++ The anbi ent depth TEST for the TDZ has been SATI SFI ED. ++++++++++

Conput ed di stance from port opening to CMC | ocation = 9.02 m
CRITERION 3: This location is within one tenth the distance of the extent
of the Regulatory M xing Zone of 91.45 min any
spatial direction fromthe port opening.
+++++ The Regul atory M xi ng Zone TEST for the TDZ has been SATI SFI ED. ++++++

The diffuser discharge velocity is equal to 4.57 nis.
This exceeds the value of 3.0 m's reconmmended in the TSD.

*** This discharge DOES NOT SATISFY all three CMC criteria for the TDZ ****
kkkhkkhkkkkhkkhkkkkhkhkkhkkikhkkkkhkhk*k REGJLATmY M XI NG ZO\]E SUMVARY kkkhkkhkkkhkhkhkkkhkhkikkkhkhkkikkkhkhkkikkk*k
The plume conditions at the boundary of the specified RMZ are as foll ows:

Pol | ut ant concentrati on ¢ = 0.001908 ny/l
Correspondi ng dilution s = 66.1
Pl une | ocati on: X =91.44 m
(centerline coordinates) y =-0.96 m
z =4.80m
Pl ume di nmensi ons: hal f-width (bh) = 12. 69 m
thi ckness (bv) = 1.32 m
Cunul ative travel tine: 803. 9597 sec.

At this position, the plume is CONTACTI NG the RI GHT bank.

Furthernore, the CCC for the toxic pollutant has indeed been net
within the RMZ. In particular:

The CCC was encountered at the foll owing plune position:

The CCC for the toxic pollutant was encountered at the foll ow ng
pl ume position:

CcC = 0.00373 ny/l
Correspondi ng dilution = 33.8
Pl une | ocati on: X = 41.44 m
(centerline coordinates) y =-0.96 m
z =4.80m
Pl ume di nmensi ons: hal f-width (bh) = 7.48 m
thickness (bv) = 1.14 m

kkkhkkhkkhkkhkkhkkkkhkhkhkkhkhkkkkhk*x FI I\IAL |ISI G\I ADVI CE AND (I]VNE'\I‘I’S kkkkhkkhkkikkhkkkkikkikkhkkikkikkhkkikikkk

REM NDER: The user nust take note that HYDRODYNAM C MODELI NG by any known
techni que is NOT AN EXACT SCl ENCE.

Ext ensi ve conparison with field and | aboratory data has shown that the
CORM X predictions on dilutions and concentrations (wi th associ ated
pl ume geonetries) are reliable for the najority of cases and are accurate
to within about +-50% (standard deviation).

As a further safeguard, CORM X will not give predictions whenever it judges
the design configuration as highly conplex and uncertain for prediction.
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